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The purpose of this study is to develop a numerical model 
of the hydrologic system in and near the Spanish Valley of 
southeastern Utah, and to test the model using the existing 
native vegetation as indicators of recharge to the unconfined 
aquifer. The objectives are to produce a recharge sensitive 
numerical model, and to test the hypothesis and draw 
conclusions concerning the validity of using vegetation 
indicators of recharge.
The elevation of the study area ranges from about 4 000 
feet in the northwest to 800 0 feet at the northeastern edge, 
and the topography varies from graben valleys to highly 
dissected canyons. The soils vary from alluvial, eolian, and 
glacial material in the valleys to pedogenic, glacial, and 
colluvial material in the upland regions. The vegetation 
consists of grasses, saltbush, shadscale, sage, blackbrush. 
Mormon tea, rabbitbrush, and small trees such as pinion, 
gambel oak, and juniper. The surface water originates in the 
upland drainages, and follows topographic and structural 
features before exiting to the Spanish Valley and the Colorado 
River. The hydrogeology in the uplands consists of the Glen 
Canyon Group, which are highly fractured competent sandstones, 
and of the low permeability Cretaceous shales, which overlie 
the Glen Canyon Group. In the lower valleys, the hydrogeology 
consists of unconsolidated alluvial and glacial material,
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which generally becomes finer near the Colorado River. The 
lower geologic units, such as the Chinle Formation and the 
Paleozoic evaporite deposits, form relatively impermeable 
barriers to ground-water flow.
Recharge to the unconfined aquifer occurs in the upland 
regions by infiltration of precipitation and in losing stream 
reaches. Aquifer discharge occurs in gaining stream sections 
or springs caused by structural or stratigraphic factors, and 
regional ground-water discharge is to the Colorado River at 
the northwest end of the study area. The groundwater flow 
direction is generally westward in the uplands, and 
northwestward in the Spanish Valley.
A numerical simulation of the ground-water system was 
produced using the finite-difference, 2 dimensional, MODFLOW 
groundwater modeling program. The model was designed to be 
sensitive to recharge.
Recharge estimates using vegetation indicators were input 
into the developed numerical model using a method of 
approximating vegetational influences. The method utilized 
the two species (blackbrush and Big Sage) that exhibited the 
greatest response to recharge variation. The averaged 
recharge values from the calibrated model that corresponded to 
the aerial extent of these species were then used as recharge 
input. The resulting values were input cell by cell into the 
calibrated numerical model, and the model was rerun. The
iv
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method produced reasonable results, and warrants further 







TABLE OF CONTENTS........................................ vi
LIST OF FIGURES.......................................... ix





1.1 Project Location................................. 2
1.2 Purpose of Study................................. 3









2.4 Soil Type and Distribution....................... 18
2.5 Vegetation Type and Distribution.................. 24
2.5.1 Artemisia tridentata......................... 27
2.5.2 Atriplex confertifolia....................... 27
2.5.3 Atriplex canescens........................... 27
2.5.4 Chrysothamnus nauseosus..................... 28
2.5.5 Coleogyne ramosissima....................... 28
2.5.6 Pinus edulus................................. 28
2.5.7 Pinus scopulorum............................. 29
vi
ER-4529
2.5.8 Pinus ponderosa............................. 29
2.6 Surface Water Type and Distribution.............3 9
2.6.1 Streams.......... .......................... 3 9
2.6.2 Springs..................................... 3 9




3.2 Hydro structure.................................. 43
3.3 Hydrostratigraphic Units ......................  48
3.3.1 Paleozoic Confining Units................... 49
3.3.2 Glen Canyon Aquifer........................ 4 9
3.3.3 Cretaceous Confining Units ................  50
3.3.4 Unconfined Alluvial Aquifer................. 52
3.4 Hydraulic Conductivity ........................  52
CHAPTER 4




4.2.2 Infiltration of Precipitation...............67
4.3 Discharge........................................ 69
4.3.1 Rivers and Streams........................... 69
4.3.2 Evapotranspiration........................... 70
4.3.3 Springs and Seeps........................... 70




5.2 Model Application................................ 75




5.3 Model Implementation ..........................  77
5.3.1 Base of Aquifer.............................. 77
5.3.2 Saturated Thickness.......................... 77
5.3.3 Hydraulic Conductivity ....................  80
5.3.4 Model Layers................................ 81
5.3.5 Starting Heads .............................. 82
5.3.6 Recharge.................................... 82
5.3.7 Discharge.................................... 83
5.4 Model Calibration................................ 87
5.4.1 Potentiometric Surface ....................  87
5.4.2 Sensitivity Analysis to Recharge ...........  87
5.4.3 Sensitivity Analysis to Conductivity . . . .  92
5.5 Model Calibration Using Vegetation Indicators. . 92
5.5.1 Relating Vegetation Species to Recharge . . 95
5.5.2 Results. .   97
CHAPTER 6
SUMMARY AND CONCLUSIONS................................112
REFERENCES CITED ......................................  115
APPENDICES
I Weather Station Locations, Precipitation, and
Temperature....................................... 124
II Utah Pan Evaporation D a t a .........................135
III Transpiration Studies by Various Authors......... 13 9
IV Seasonal Water Use by Various Vegetation Species. . 150
V Tabulation of the Number of Cells Within Each
Recharge Zone Containing Various Key Species . . .157
VI Calibrated Numerical Model Input and Output, Model
Stress Inputs, and Inputs Representing Vegetational 
Influences......................................... 164
ER-4529
LIST OF FIGURES Page
Figure 1 Map of Utah...................................... 5
Figure 2 Drainage Trace and Named Features................ 7
Figure 3 Topography of the Study Area.....................12
Figure 4 Conceptualization and Characterization of
Hydrologic Systems ............................ 13
Figure 5 Distribution of Precipitation and Location of
Precipitation Gages in the Moab Area............ 16
Figure 6 Relationship of Precipitation to Altitude . . . .  17
Figure 7 Map of Weather Station Locations used in
Precipitation Data.............•.................19
Figure 8 Graph of Elevation vs. Precipitation for the
Raingage Locations.............................. 21
Figure 9 Isoheyetal Map of the Study Area.................22
Figure 10 Soils of the Study A r e a .........................25
Figure 11 Rates of Water Movement into a Clay Loam and a
Sandy Loam...................................... 26
Figure 12 The Relationship of Atmospheric Water Potential
to Relative Humidity............................ 27
Figure 13 Soil Moisture Profiles Under Three Cover
Conditions...................................... 34
Figure 14 Reduction in Soil Moisture Withdrawal after Big
Sage is Removed............................... 34
Figure 15 Approximate Distributions of Juniper and Big Sage 35
Figure 16 Approximate Distributions of Blackbrush, Gambel
Oak, and Ponderosa P i n e ........................ 36
Figure 17 Approximate Distribution of Grasses ...........  37
Figure 18 Gaging Stations with Gaining and Losing Reaches
Along Mill Creek for October, 1985.............  42
ix
ER-4529
Figure 19 Cross Section A - A'............................. 45
Figure 20 Cross Section B - B'............................. 46
Figure 21 Detail of a Horst and Graben Feature.............. 47
Figure 22 Cross Section C - C'............................. 51
Figure 23 Thickness and Permeability of the Entrada
Formation...................................... 55
Figure 24 Thickness and Permeability of the Navajo
Formation...................................... 56
Figure 25 Thickness and Permeability of the Wingate
Formation...................................... 57
Figure 26 Thickness of the Glen Canyon Aquifer............ 58
Figure 27 Weighted Values of Hydraulic Conductivity for
the Glen Canyon Aquifer........................ 59
Figure 28 Elevation of the Base of the Glen Canyon Aquifer 60
Figure 29 Hydrogeology and Cross Section Lines............ 61
Figure 30 Conceptual Hydrologic Model of the Flow System. . 73
Figure 31 Potentiometric Surface Map......................74
Figure 32 Annual Aquifer Recharge into the Model.......... 78
Figure 33 Grid Orientation and Boundary Conditions........ 79
Figure 34 Model Starting Heads............................84
Figure 35 Model Final Heads ............................  85
Figure 36 Graph of Starting vs Final Heads................ 91
Figure 37 Head Changes Resulting From No Precipitation
Recharge........................................ 93
Figure 38 Head Changes Resulting From Calibrated Recharge
X 3 .............................................94
Figure 39 Head Changes From Calibrated Recharge X .5. . .96
x
ER-4529
Figure 40 Head Changes From Calibrated Conductivity X 10. . 98
Figure 41 Head Changes From Calibrated Conductivity X .1. . 99
Figure 42 Recharge Indicated Needed by Shadscale.......... 103
Figure 43 Recharge Indicated Needed by Pinion/Juniper . . .104
Figure 44 Recharge Indicated Needed by Grasses............ 105
Figure 45 Recharge Indicated Needed by Rabbitbrush........ 106
Figure 46 Recharge Indicated Needed by Gambel O a k .........107
Figure 47 Recharge Indicated Needed by Blackbrush........ 108
Figure 48 Recharge Indicated Needed by Big S a g e ...........109
Figure 4 9 Aerial Extent of the Chosen Recharge
Indicator Species............................. 110
Figure 50 Modeled Head Differences Using the Coverage




LIST OF TABLES Page
Table 1 Raingage Location Data and Basic Statistical
Analysis........................................ 20
Table 2 Pan Evaporation vs Precipitation for Stations
Near M o a b ...................................... 23
Table 3 Inferred Climate Data for M o a b ................. 3 2
Table 4 Mill Creek Gaining and Losing Reaches and
• Streamflow Measurements for October, 1985 . . . .  41
Table 5 Relevant Hydrostratigraphic Units in the
Moab A r e a .......................................62
Table 6 Creek/Aquifer Interaction within the study area 67
Table 7 Calculations for Stream Conductance ...........  88
Table 8 Total Number of Cells Within Each Recharge Zone
Dominated by a Certain Species ...............  101
Table 9 Frequency of Occurrence of Dominant Vegetation per 




I would like to express my appreciation for my wife, 
Doreen, and my children, Stephen, Matthew, and Daniel, for 
their extreme patience in the face of this most enjoyably 
difficult endeavor.
I would also like to express my gratitude to my thesis 
advisor, Dr. Kenneth E. Kolm, for his eternal optimism and his 
uncanny ability to make seemingly insurmountable mountains 
into steppingstones. I would also like to thank the other 
members of my committee, Dr. John Emerick, and Dr. William
Astle for their guidance and support. In addition I would
like to thank those on the board of the Sussman Fund for their 
support, and to Wayne Belcher, whose EXCELlent knowledge made 
my graphs much easier to produce.
This student at the C.S. of M., 
under the care of the dear Dr. Ken, 
had a heart bent toward prose, 
and had to be led by the nose, 
to write technically from an unwilling pen.
As his thesis was finished one morn, 
and his prosaic mosaic was torn, 
a great struggle within 
left him weak, gaunt, and thin,




In light of his undying love and guidance in lighting my 
path and guiding me every step of the way, this effort is 





Geographical areas typically have a particular floral 
array that is characteristic of the climate, soil, and 
elevation of the region. For example, some species of 
vegetation may require well-drained conditions, while others 
may thrive in marshy discharge zones. The natural presence of 
a certain species in an area is indicative that environmental 
conditions are favorable, or at least tolerable, for that 
species. If the existing ground-water movement past the root 
zone and the soil permeability (K) conditions can be 
accurately estimated within a range of values for a particular 
species, the results may be applied for similar areas that 
have comparable species and soils over a wider geographic 
region. This could result in an efficient, inexpensive method 
of estimating near surface ground-water conditions and 
recharge in other areas.
The Moab-La Sal Mountains area, in eastern Utah (Figure 
1) is a small part of the Colorado Plateau physiographic 
province, which generally consists of flat lying to gently 
dipping sedimentary strata that are deeply incised by streams 
and rivers in localized areas (Weir and others, 1983) . 
Anticlines and synclines, caused by Paleozoic-aged salt 
diapirs, trend from the southeast to the northwest in this 
area. The Spanish Valley is located in a collapsed salt 
anticline, bounded on the northeast and southwest by faulted
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and rotated blocks of sandstone. Tertiary age igneous 
intrusions sporadically dot the landscape (Weir and others, 
1983) , and these porphyritic rocks form the core of the La Sal 
mountains, which rise topographically to over 12,000 feet 
south-east of Moab.
The town of Moab, located in southeastern Utah (Figure
1) , has been experiencing population growth in recent years 
and the municipal water needs have increased. In order to 
solve the problems of increased water needs, an understanding 
of the hydrologic system from which the town derives its water 
supply is necessary.
1.1 The Project Location This thesis project involves a 
semi-arid area in the vicinity of Moab, Utah from the Colorado 
River south-eastward to the La Sal Mountains (Fig. 1). The 
area of study includes the Spanish Valley, the Sand Flats 
region to the northeast, and part of the La Sal Mountains. 
Figure 2 shows the study area, drainage trace, and many of the 
named features within the study area that will be referenced 
within this thesis. The Spanish Valley, in which the town of 
Moab is situated, has an elevation of about 4000 feet 
elevation and is characterized by hot, dry summers and mild 
winters.
In addition to water supply problems and needs, this area 
was advantageous for studying recharge for several reasons. 
The geology of the La Sal/Spanish Valley area has been studied
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for many years because of the mineral potential of the area. 
There is available stream gage data along various points on 
Mill and Pack Creeks and along the Colorado River. Rain gage 
data and well log and potentiometric head data are available 
for the Spanish Valley.
Natural hydrogeologic and hydrologic boundaries are present, 
such as hydrogeologic fault contacts, and the hydrologic 
boundary defined by the Colorado River. These boundaries 
constrain the hydrogeologic framework and the mathematical 
simulation of the hydrologic system so that vegetation changes 
and recharge estimates are more readily predicted. The plant 
communities in the area are diverse and are sensitive to many 
different factors, including soil and climate inputs. A range 
of recharge values to the underlying aquifer may be associated 
with certain key species and related soil and bedrock 
characteristics.
1.2 Purpose The purpose of this study is to develop a method 
for estimating recharge in the Spanish Valley area, using key 
vegetation type and distributions, and mathematical modeling, 
so that the hydrologic system is better understood. The 
mathematical model may then be used to estimate water sources, 
locations, and depths to water for future use.
There are several objectives of this study:
1) To conceptualize and characterize the hydrologic system in 
the study area using the approach of Kolm (1993).
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Conceptualization involves understanding the interacting 
systems, and characterization involves drawing useful 
conclusions about them.
2) To develop a mathematical model using the MODFLOW (McDonald 
and Harbaugh, 198 8) ground-water computer code, simulating the 
hydrologic system. The mathematical model design is to be 
most sensitive to recharge changes.
3) To determine the key vegetation types and distribution that 
may help to estimate recharge ranges for the hydrologic 
system.
4) To test these estimates using the mathematical model.
1.3 General Methods Data were gathered and organized from 
published literature, maps, aerial photos or field 
observations. The following databases were developed, based on 
Kolm (1993) : 1) Climate; 2) Vegetation; 3) Soils; 4) Geology;
5) Geomorphology; 6) Surface Water Type and Distribution; 7) 
Hydrology, and 8) Topography.
In addition to the standard data gathering procedures and 
types, the following data were collected for recharge 
estimation:
a) Climate data (precipitation amounts and distributions) 
were collected for a much broader area of the 
eastern Colorado Plateau region.
b) Vegetation types, distribution, and elevation data were 
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Plateau region, as well as for the study area. Field 
conceptualization and sampling were conducted to relate data 
to the study area, to develop the hydrologic system conceptual 
model, and to analyze the preliminary engineering soil and 
vegetation maps that were constructed from published maps. 
The key vegetation type data were collected and mapped.
The hydrologic system was conceptualized and 
characterized in the study area using methods outlined in Kolm 
(1993) (Figure 4) . This involved surface and subsurface 
characterization, hydrogeologic model development and 
hydrologic system development. Surface characterization 
involved the evaluation of the following databases:
1) Anthropogenic Effects: The effects of dams,
irrigation, and domestic or municipal water well 
pumpage was assessed.
2) Topography: Aerial photography, satellite 
imagery, and topographic maps were evaluated.
3) Surface Water Type and Distribution: An assessment was
made of the types and distribution of surface water 
features including drainage patterns, the volume of 
discharge and location of springs, gaining and losing 
streams, and stream discharge in the study area.
4) Soils: The type, distribution and properties of soils 
were determined to estimate their effect on recharge, 
including soil hydraulic conductivity.































precipitation needed by the major plant species in the 
study area were established, excluding most 
phreatophytes. This involved determining the critical 
ranges of actual precipitation that correlated with the 
species types and distribution. To accomplish this, 
precipitation data from the La Sal area, as well as the 
surrounding region, was related to the dominant plant 
species for the various precipitation ranges. There is 
some variance in precipitation range that is dependent on 
aspect, slope, ground cover, and soil K values. The 
critical ranges of average annual consumptive use (E.T.) 
of the key plant species in the study area was 
established. The consumptive use estimates were based on 
published literature.
The primary data base and surface characterization was 
used to determine:
1) Stratigraphic and lithologic units
2) Structural and geomorphologic discontinuities
3) Subsurface geologic framework models and cross sections.
The hydrogeologic units in the area (hydrostratigraphic 
and hydrostructural) were then defined and characterized in 
terms of their thickness and extent, hydraulic conductivity, 
transmissivity and storativity. A hydrogeologic model based 
on the distribution, continuity, degree of isotropy and
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homogeneity, and the hydrologic response of these units was 
then developed. Most of the hydrogeologic attributes, such as 
hydraulic conductivity, were assigned based on previous work.
The recharge, discharge, and boundary conditions of the 
hydrologic system were analyzed, and ground-water flow paths 
were determined. A numerical model simulating the ground­
water system was developed using the MODFLOW code, and
hydraulic conductivity was determined using weighted averages 
of thickness and published values. Parameters were estimated 
using published literature and sensitivity analyses of the 
developed model were conducted. Aquifer recharge was 
estimated using a percentage of the isoheyetal rainfall
amounts as described in published literature.
Vegetation was used to estimate recharge into the
unconfined aquifer. This was accomplished in several steps. 
The presence of certain vegetation species was mapped and 
correlated with the aquifer recharge derived from the
calibrated model. This information was discretized cell by 
cell and average recharge values were derived for each 
species. The averaged recharge values were then used as input 




2.1 Introduction The conceptual model and characterization 
that are developed in this study follows the method designed 
by Kolm (1993) (Figure 4) . As the diagram indicates, the 
processes are interactive and may need to be reiterated 
several times before a satisfactory model is completed.
2.2 Topography and Geomorpholoqy Landforms can play an 
important part in the amount of ground-water that infiltrates 
the unconfined aquifer in a region. They also may be good 
indicators of the lithology, climate, and geologic structure 
of the area. There are several dominant landforms present in 
the Moab area, and the landforms and factors that control 
their formation need to be addressed.
The area is characterized as having two topographic 
regions (Figure 3) ; the Spanish Valley and the upland region. 
The valley area is characterized as a poorly dissected 
alluvial plain, and is topographically continuous. In the 
lower valleys, the stream patterns are dendritic and slightly 
meandering in response to the lower topographic gradient and 
unconsolidated alluvial streambed material.
The upland area is a highly dissected plateau that is 
topographically discontinuous, and many of the drainages in 
the uplands show gradient control superimposed over, at least, 
two different fracture sets. The abrupt changes in direction
ER-4529 11
of many streams as they flow through the Navajo and Kayenta 
Formations indicate regional fracture sets. The resulting 
drainage pattern is generally angular dendritic (parallel on 
a regional scale).
From a regional perspective, the Spanish Valley is 
linear, caused by the uplift of a rising salt diapir 
(Williams, 1983). The valley is one of a series of regional 
grabens trending from northwest to southeast, caused by the 
same diapiric forces.
2.3 Climate The climate and weather patterns that are
typically observed in an area greatly influence the amount of 
water that infiltrates to the unconfined aquifer. Humidity, 
type and duration of rain and snow storms, and the time of 
year that the precipitation falls, wind speed, and air 
temperature affect the amount of water that reaches the 
underlying unconfined aquifer.
2.3.1 Wind The time from about mid-February to about mid- 
June is the windiest time in the study area with wind speeds 
averaging 13 ft/s (4 m/s) (NOAA, 1992) . Since this is the 
growing season for most plants in the area, and since relative 
humidity is low (Blanchard, 1990), transpiration rates will be 
high. Since precipitation amounts are also at a maximum at 
this time of the year, the high winds will decrease the amount 
of precipitation that infiltrates into the ground.
ER-4529 12
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Data Gathering and Preparations
Field (On-site) Conceptualization
Surface and Subsurface Characterizations
Hydrogeologic Characterization-*
Hydrologic System Characterizations




Hydrologic System Conceptual Model
Subsurface Geologic Framework Model
Numerical Model of Hydrologic System
Figure 4 Conceptualization and Characterization of Hydrologic Systems (After Kolm, 1993)
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2.3.2 Precipitation Precipitation in the Moab-La Sal area 
occurs as rain in the lower elevations, and rain or snow in 
the higher regions. Precipitation is controlled largely by 
elevation and the seasons; the higher elevations cause 
orographic precipitation to occur as the prevailing westerly 
winds are forced upward. Most of the precipitation in the 
area falls from October to March or April (NOAA, 1992) . 
Summer thunderstorms in the lower elevations are of short 
duration, and occasionally cause flash floods. The high 
elevations have a significant winter snowpack that melts 
slowly in the springtime, providing recharge into the soils 
and aquifers found in the mountains.
Figure 5 shows the general precipitation distribution for 
the region of Utah southeast of the Colorado River. Rain gage 
stations #3, #4, and #6 are in or very near the study area, 
and show a wide elevational distribution. Figure 6 shows the 
relationship of precipitation to altitude that Weir developed, 
corresponding to Figure 5.
Data were also gathered from NOAA (Appendix I) for 20 
weather stations (typically airports) in eastern Utah and 
western Colorado. Weather station locations used for analysis 
are indicated on Figure 7, and were selected to represent the 
range of elevations observed in the study area. Weather 
stations located in rain shadows were not selected. Table 1 
shows the chosen locations, with their respective elevations 
and annual precipitation amounts. Regression matrices were
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constructed and basic statistical analysis, including 
the mean, standard deviation, and range of the data was 
performed to show the ranges of elevation and precipitation. 
Column 1 shows the statistical results for the elevational 
data, and Column 3 shows results for the precipitation data 
(Column 2 is blank, for clarity). This data was input into a 
graph (Figure 8), and a statistical best fit-line was drawn 
through the data, where Y (elevation) is the independent 
variable, and precipitation amounts (X) were measured at 
certain elevations. This analysis, combined with elevational 
data from a topographical map, is the basis for the 
construction of the isoheyetal diagram for the study area 
(Figure 9).
2.3.3 Evaporation High summertime temperatures, high 
winds, and the continental climate in the Moab-La Sal area 
result in high potential evaporation and evapotranspiration. 
Annual precipitation ranges from about 8 inches in the lower 
Spanish Valley to over 40 inches near the top of the 
mountains, but climatic factors and efficient vegetation may 
remove most of the water before it can reach the unconfined 
aquifer.
Appendix II contains Utah Department of Agriculture Pan 
Evaporation Stations along with data on wind movement 
(Hubbard, 1979) . All of the stations near the study area show 
much higher potential pan evaporation for the season than is
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received in precipitation (Table 2) , and the annual 
evaporation is greater yet.
2.4 Soil Type and Distribution
A statewide soil survey was compiled for the state of 
Utah by Wilson, Olsen, and others (1970) . This included 
general soil maps for the Moab-La Sal area along with common 
plant types growing in each area. Most of the Spanish Valley 
is infilled with either unconsolidated alluvial or glacial 
material (Figure 10) . In the northwest end of the valley near 
the Colorado River, the flood plain is composed of fine 
grained, alternating layers of sand and silt that are also 
part of the ground-water discharge zone for the study area 
(Wilson, 1970).
The lower valley, where Mill Creek enters the Spanish 
Valley, consists of more coarse-grained alluvium. This 
alluvium is about 400 feet thick (Weir, 1983), is more coarse, 
unsorted, and has a higher permeability than the alluvium 
near the river. The upper valley consists of variable 
thicknesses of glacial till, outwash material, and alluvium. 
(Lammers, 1991).
The majority of the study area has variable amounts of 
eolian material covering the land surface (Lammers, 1971). 
Upland areas, particularly in the Sandflats area north-east of 
Moab, have thicker sand deposits because of higher wind 
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Table 2 Pan Evaporation vs Precipitation for Stations near
Moab (Compiled from Hubbard, 1979)




Hanksville 9.8 58 . 9





in this area (Figure 10) .
Pedogenic deposits cover upland areas at the base of the 
mesas where colluvial and creep deposits have been weathered 
and transported from the underlying silty shales (Lammers, 
1971) .
The soils found in the study area vary with respect to 
their water retaining and transmitting capabilities. The 
amount of water contained in soil is related to the concept of 
negative potential. Negative, or suction pressure, within a 
soil is called the matric potential of the soil. Matric 
potential is influenced by soil grain size, composition, and 
moisture content (Jury, 1991), and is larger than the osmotic
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potential within the plant. Clay has a higher matric
potential than sand and this results in a laterally dispersive 
effect and low percolation rate for water (Figure 11).
The atmospheric potential for water/air interfaces is 
very large (up to 3 00 MPa or more), especially if the air is 
dry. Figure 12 shows the effect of increasing humidity on 
atmospheric water potential. As the relative humidity
increases, especially above 50%, the water potential is 
quickly reduced (Jury, 1991) .
In eastern Utah, the summertime relative humidity is 
usually well below 50%, resulting in a high evaporation rate. 
A sandy soil
results in faster percolation of water, and climatic effects, 
such as high surface temperatures, winds, or vegetation, will 
not have as much influence on the downward progress of the 
water. A clayey soil impedes the flow of water and disperses 
the water laterally, where climatic effects can remove the 
water from the soil.
2.5 Vegetation Type and Distribution Descriptions of plant 
species that are typically found in the Moab area from the 
Colorado River up to about 10,000 feet are summarized in the 
following paragraphs. Some species may be useful indicators 
of hydrologic or certain soil conditions.
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DISTANCE (inches from center of furrow)
Comparative rates of irrigation water movement into a sandy loam 
Utft) and a clay loam (right). Note the much more rapid rate of movement in the sand, 
tspecially in a downward direction. [Redrawn from Cooney and Peterson (2).]
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relative humidity (RH)
The relationship of atmospheric water potential 
(20°C) to relative humidity, plotted on a logarithmic scale (a) 
and on a linear scale (b). The four thin lines are for different 
temperatures: 0° (bottom line), 10°, 20°, and 30°C (upper line). 
The curves were calculated with the equations shown, which 
are equations 2.4 and 2.5 on page 42.
(After Jury, 1991)
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2.5.1 Artemisia tridentata (Mountain Big Sage) Artemisia 
tridentata is a xerophyte that grows from 3 to 6 feet tall 
(Goodrich and others, 1986). The subspecies tridentata grows 
from 4,700 to 8,000 feet while the subspecies vaseyana prefers 
altitudes from 7,000 to 10,000 feet. Big Sage can survive in 
a precipitation range from 6 to 18 inches of moisture yearly 
(Branson, 1981) and excess moisture can cause it to die.
2.5.2 Atriplex confertifolia (Shadscale or Spiny Saltbush) 
Atriplex confertifolia is found throughout most of Utah and 
western Colorado in the Green and Colorado River basins. The 
shrubs are 1 to 2 feet high, and older branches are thorny. 
Atriplex confertifilia grows on alkaline mesas and plains in 
the semi-arid deserts from about 2,500 to 5,000 or 6,000 feet 
elevation (Goodrich and others, 1986), and tends to grow well 
in shales such as the Morrison Formation and Mancos Shale. 
Since it is a xerophyte, it grows well in areas that provide 
seasonal rain or snow as the only moisture for the plants.
2.5.3 At riplex canescens (Four Wing Saltbush) Atriplex 
canescens is from 1 to 6 feet high, woody, somewhat flat 
topped, and is the most widely distributed Atriplex species in 
the United States. It can tolerate high salt conditions in 
the soil, and will grow from sea level to about 7,500 feet 
(Goodrich and others, 1986). Atriplex canescens occupies the 
lower areas in the Spanish Valley, especially saline ground­
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water discharge zones. This species can be indicative of a 
high water table that is high in TDS (total dissolved solids) , 
and has a deep root system to tap water tables over 50 feet 
deep (Meinzer, 1927).
2.5.4 Chrysothamnus nauseosus (Rabbitbrush) Growing from 2 to 
6 feet high, this species is observed from 6,500 feet to 7,900 
feet (Goodrich and others, 1986). Rabbitbrush can be a 
phreatophyte and often exhibits luxuriant growth where the 
water table is between 8 and 15 feet below the surface of the
ground. This species can also be indicative of disturbed
areas, since it is among the first species to regrow after a 
fire (Meinzer, 1927).
2.5.5 Coleogyne ramosissima (Blackbrush) A densely branched 
shrub with dark gray bark which turns black when wet, 
blackbrush can tolerate elevated water tables for weeks, 
although it is actually a xerophyte. Coleogyne ramosissima 
grows 1 to 5 feet high at elevations of from 3,000 to 6,000 
feet (Goodrich and others, 1986), and prefers open locations, 
in many cases growing over a shallow caliche layer. The
active growing season is from about mid-March to June, and
blackbrush has a tendency to drop its leaves when the weather 
becomes hot and dry in order to conserve water.
2.5.6 Pinus edulus (Pinion Pine) Pinus edulus occurs from
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about 6,000 feet on north facing slopes (6,500 feet on south 
facing slopes) to about 8,000 feet, preferring well drained or 
rocky hillsides. The mature trees are usually from 12 to 20 
feet tall, and commonly occur in conjunction with the Rocky 
Mountain Juniper, making differentiation difficult in aerial 
photographs.
2.5.7 Juniperus scopulorum (Utah Juniper) Juniperus 
scopulorum is a hardy tree that grows from about 4,000 feet to
7,000 feet, often in conjunction with the pinion pine. 
Juniperus can thrive in warmer, more arid areas than the 
pinion, and is usually from 8 to 16 feet high (Goodrich and 
Neese, 1986) . This species prefers rocky, well drained 
conditions, but can tolerate a certain amount of poorly 
drained soil.
2.5.8 Pinus ponderosa (Ponderosa pine) The ponderosa pine, 
characterized by its long needles, occurs from 6,000 to 7,000 
feet minimum elevation to a maximum of 8,000 to 9,000 feet, 
depending on aspect and lithologic factors. Pinus ponderosa 
grows in well drained and rocky slopes (Goodrich and Neese, 
1986) . In some areas of fractured bedrock, the presence of 
the Ponderosa may be used to trace out the bedrock fractures 
on aerial photographs.
In order to use vegetation to indicate aquifer recharge 
by infiltration of precipitation, the range of water needs
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that the different species have must be determined as 
accurately as possible. Figure 13 shows the zones of water 
depletion for different species of vegetation. Aspen uses 
water from the soil from the surface to deeper than 8 feet. 
Herbaceous vegetation zones extend to about 5 feet, and bare 
soil dries to approximately one foot. These are only general 
figures, since the depth of influence of low ambient humidity 
and high temperature may be 10 feet or more (Branson, 1970). 
Figure 14 indicates similar conditions, as the depth of 
influence of Big Sage on soil moisture removal appears to be 
from 2 to 6 feet. In this diagram, a significant portion of 
the moisture from the top 2 feet of soil is from direct 
evaporation. An attempt was made as part of the conceptual 
model to relate elevation, monthly precipitation, and annual 
periods of high growth and transpiration of the native species 
in the area. This was undertaken since there was a lack of 
published data found on the transpiration of blackbrush, and 
no published quantitative data was found that could be used in 
the model. Table 3 shows the resulting data, and was 
conceptualized to show the interaction between soils, 
vegetation, elevation, precipitation, and temperature for 
different months. The capital X marks indicate the various 
species growing in specific soils, and show the approximate 
months that these species are actively growing and 
transpiring.
To assign reasonable geographical ranges to the dominant
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plant species, vegetation maps were constructed. The study 
area was mapped using orthophotos, aerial photos, published 
vegetation maps, and field reconnaissance and verification; 
the resulting reconnaissance maps are shown in Figures 15, 16, 
and 17. Many of the species, especially the trees and shrubs 
that occurred in the same areas, were mapped as codominant. 
The was done because the trees and shrubs use moisture from 
different depths in the soil (Branson, 1972), and because it 
was not known which species would be a more useful indicator 
species for ground-water recharge during the study. The 
boundaries shown on the maps do not represent the true extent 
of coverage of the species shown, but are an arbitrary border 
chosen because the density of plant individuals diminishes 
significantly near these boundaries.
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Table 3 Inferred Climate Data for Moab, using Data from 
Climatologically Similar Areas in Utah and Western Colorado
(NOAA; Weir, 1986; Stubbendieck, 1982; and others)
: 1 ........... i 11 AVERAGE | AVERAGE I HIGH GROWTH AND TRANSPIRATION
>PRECIPITATION i TEMPERATURE PERIOD FOR DOMINANT VEGETATION
! (INCHES) (F)
! clayey soil sandy soil
EXjEV ■ 4000 ft f  . .......  " | ...........
! !MONTH ! i SH BB
JANUARY 0.56 30
FEBRUARY 0.43 39
MARCH 0.85 48 X XAPRIL 0.97 57 X X
MAY 0.71i 66 X X
JUNE 0.48 75 X X
JULY 0.86 82 ;
AUGUST 0.85 80 |
SEPTEMBER 0.75 70 i
OCTOBER 0.89 58 1
NOVEMBER 0.73 44 I
DECEMBER 0.65 33
TOTAL 8.73 57
ELEV - 5000 ft SB PJ BB GR
JANUARY 0.56 25
FEBRUARY 0.48 35 X
MARCH 0.90 43 X X X X
APRIL 0.75 52 X X X X
MAY 0.87 62 X X X X
JUNE 0.50 72 X X X X
JULY 0.65 79 X X







ELEV- 6000 ft SB PJ BB GR
FEBRUARY 1.02 31 X
MARCH 1.53 38 X X X X
APRIL 1.41 46 X X X X
MAY 1.28 54 X X X X
JUNE 0.81 64 X X X X
JULY 0.82 71 X X
AUGUST 0.98 69
SEPTEMBER 1.40 60 -
OCTOBER 1.29 49
NOVEMBER ! 1.14 37
DECembek 1 1.06 27
TOTAL 12.741 45
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Table 3 (continued) Inferred Climate Data for Moab, using Data 
from Climatologically Similar Areas in Utah and Western 
Colorado (NOAA; Weir, 1986; Stubbendieck, 1982; and others)
' 1
AVERAGE AVERAGE HIGH GROWTH AND TRANSPIRATION
PRECIPITATION TEMPERATURE PERIOD FOR DOMINANT VEGETATION
(INCHES) (F)
clayey soil sandy soil
ELEV - 7000 £t SB BS OAK PP
MARCH 1.18 36 X X
APRIL 0.85 44 X X
MAY 0.92 53 X X X X
■JUNE 0.57 62 X X X X
JULY 1.57L  69 X X X
AUGUST 1.90 66 X X X





ELEV > 8000 £t 1 |
1 1
JANUARY 1.54 22 OAK, BS OAK, PP
FEBRUARY 1.48 25 | i
MARCH 2.07 30 X X
APRIL 1.89 38 X X
MAY 1.79 47 X X X X
JUNE 1.30 55 X X X X
JULY 2.60 60 X X X
AUGUST 2.86 59 X X X
SEPTEMBER 2.42 52
OCTOBER 2.21 43 I !
NOVEMBER 1.75 32 ! ;
DECEMBER 1.70 23 i !
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Figure 13 Soil-Moisture profiles under three cover
conditions on one site at beginning and end of a growing 
season. The plots are located near Bountiful, Utah (from 
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A study on various plant types and the different 
geological and hydrologic environments that are represented 
was done by Brooks (1972). He compiled tables showing various 
phreatophyte species with their consumptive water use for a 
growing season.
Branson and others (1972) conducted studies including 
transpiration ranges on rangeland plants. They also 
classified various plant communities with respect to different 
levels of soil moisture at depth.
The unique characteristics of halophytes are explored by 
Queen (1974), who described the habitats, distributions, 
species, and physiology of the plants.
Chikishev (1965) compiled information concerning the 
occurrence of arid land plants in conjunction with water in 
certain republics in the former Soviet Union. He used 
geobotany to help indicate where fresh water might be found, 
and transpiration rates and water consumption by arid-land 
plants are discussed.
A summary of various annual and perennial arid land range 
plants, including a few citations of water needs, was done by 
Phillips Petroleum Company (1963). Goodrich and Neese (1986) 
compiled information on various species in the Uinta Basin of 
Utah and included physiological characteristics, elevation 
data, and general water needs. This information was expanded 
on by Stubbendieck, Hatch, and Kjar (1982). The Agriculture 
Research Service book (1970) consists of a compilation of
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reference books which have good plant descriptions and 
sketches, but little information on water needs. Tew (1966, 
1967) studied moisture depletion by gambel oak in northern 
Utah, and found that the consumptive needs by oak averaged up 
to three inches more than mature native grasses.
2.6 Surface Water Type and Distribution
2.6.1 Streams Runoff is caused by summer thunderstorms and by 
springtime snowmelt in the upper elevations. The amount of 
surface water that becomes recharge to the upper unconfined 
aquifer may be as little as 1% of the total precipitation 
(Rush, 1992,).
Sumsion (1971) estimated that Mill and Pack Creeks 
together drain an area in the La Sal Mountains that receive 
22,000 acre feet of precipitation annually. The streams will 
transport a small percentage of this amount, because of the 
high evaporation potential.
The gaining reaches of the creeks generally are found in 
the upland areas (Table 4) , where many of the smaller 
tributaries are intermittent. Pack, Mill, and Negro Bill 
Creeks are perennial, and are gaining throughout much of their 
length (Figure 18) . The lowest sections of the creeks, 
particularly in the valleys, are gaining because of 
groundwater discharge.
2.6.2 Springs There are two major areas where ground-water
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discharges as springs at the ground surface (Figure 18). The 
uppermost area is along the rim of Wilson and South Mesas, 
with minor springs located on the mesas themselves. The other 
major area of springs is along the north perimeter of the 
Spanish Valley, caused by intense fracturing of the Navajo 
Sandstone and an upward ground-water gradient in the area 
(USGS, 1967; Blanchard, 1990).
2.6.3 Lakes and Dams Numerous small lakes and stock 
impoundments are found in the higher elevations of the study 
area. Kens lake, located in the south-eastern end of the 
Spanish Valley, is the only major body of water in the study 
area. Kens lake was created by diverting approximately 9 cfs 
of water from Mill Creek into the Pack Creek drainage through 
the Shelley diversion tunnel (Blanchard, 1990) .
ARTHUR LAKES LIBRARY 
COLORADO SCHOOL OF MINES 
GOLDEN, CO 80401
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Table 4 Mill Creek Gaining and Losing Reaches and Streamflow
Measurements for October, 1985 (Modified from Blanchard, 1990)
Measurement Miles Stream ft3/sec + or
Site downstream discharge - /mile of
(Mill Ck) from MCI f t3/sec streambed
MCI — 10 .2 + 1.75
MC2 .2 10 .55 + .81
MC5 3.4 13 .14 + 1.07
MC6 3.7 13 .46 -2.67
MC7* 3.9 12.66 -43.30*
MC8 4.1 3 .99 - . 78
MC9 4 . 8 3 .44 + .13
MC10 5.5 3 .53 - .14
MC11 6.4 3 .44 + .77
MC12 7.5 3 .52 - .37
MCI 3 8.4 3 .85 - .38
MC14 9.4 3 .47 - .52
MC15 9.9 3 .21 + 1.23
MCI 6 10.2 3 .58 - .13
MCI 7 11.2 3 .45 - .17
MCI 8 11.9 3 .33 - .19
MCI 9 12.7 3.09
MC20 12.8 6.93 + .93
MC21 13.1 7.18
MC22 13.4 6 .41
♦Reflects the effects of the Sheley water diversion
Measurement Miles Stream ft3/sec + or
Site N Fork downstream discharge - /mile of
(Mill Ck) from NF1 ft3/sec streambed
NF1 — .34
NF2 .1 .76 -1.25
NF3 .3 1.01 -1.60
NF4 .5 1.14
NF5 1.1 1.32 - .25
NF6 1.4 2 .15 +2.87
NF7 2.0 3 .03 -1.42
NF8 2.5 2.66 - . 74
NF9 2.6 2.80 + .19
NF10 4.7 3 .19 + .02
NF11 5.6 3 .21 + .08
NF12 6.5 3 .28 +4.50
























G 0 O pH
-H 0 ♦ •H
01 jG £
0 u 1
i— 1 0 r o
0 0 -P
T 3 « •P
0
G cn o O
G G t •
0 *H o T—
MH 0 1 1






G  0-H 0
cd £  CD 0 
td
T 3  CD 



























01 G-rlG-rl0O ̂  
.G oJJ <T> 
-H CT\ 
£  H
0 - G T3 
O  G  *H (0 









0  m  




3.1 Introduction Thomas (1952) conducted a hydrologic 
reconnaissance of the Green River area. This study was 
followed by hydrologic studies by Price (1959), Iorns and 
others (1965), and a report on the Paradox Basin, by Hanshaw 
and Hill (196 9), which includes potentiometric maps for five 
aquifers. Spring inventories were conducted by Mundorff 
(1971), and Sumison and Bolke (1972). The occurrence of 
ground-water in the area was described by Huntoon (1979) .
3.2 Hydrostrueture The uplift of the region, caused by 
Paleozoic salt diapir intrusions, resulted in radial and 
concentric fracturing of the anticline/syncline pairs that 
resulted (Williams, 1964). After the diapir emplacement, 
subsequent dissolution of the evaporite beds by ground-water 
movement resulted in the collapse of the anticlines (Figure 
20) . As the collapse of the anticlines progressed, the 
overlying strata were removed by erosion, and collapse valleys 
were formed. Graben-like features formed in the valleys as 
the result of extensional forces caused by collapsing 
anticlines (McGill and Stromquist, 1975) (Fig. 20). Lystric 
faulting and slumping of the concentrically fractured 
competent rock occurred along the rim of the collapsed 
anticline, with the fractures becoming infilled with colluvial 
and eolian material (Figure 21). Figure 21 illustrates the
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effects of vertical fracturing, faulting, and eolian infilling 
of fractures in graben features, which results in increased 
hydraulic conductivity. The colluvial and eolian cover that 
forms over the downdropped blocks aid in the retention and 
protection of the near surface ground-water from the arid 
surface environment.
Cross section A-A' (Figure 19) is oriented from NW to SE, 
as shown on the Hydrogeology and Cross Sections Map, Figure 
29. The topography ranges in altitude from a low at the 
Colorado River of 3900 feet to a maximum of over 12,000 feet 
on Mt. Tukuhnikivatz.
The intrusion of the La Sal Mountains resulted in radial 
and concentric fracturing and faulting of the neighboring 
strata (Fasset, 1975), and the uplift also resulted in more 
orographic precipitation. As a result, higher erosion rates 
followed, due to the increased topographic gradient, 
precipitation, and intensely fractured strata.
Cross section B-B', as shown in Figure 23, extends from 
the southwest end of the Spanish Valley northeastward to 
Porcupine Rim. The section line passes through the lower 
Spanish Valley, the Sand Flats area, the middle of Negro Bill 
Canyon, Coffee Pot Rock, and finally, Porcupine Rim. The 
collapse features and lystric faulting associated with the 
dissolution of the salt dome underneath the Spanish Valley are 
shown on the left side of the cross section. Negro Bill 
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Figure 21 Detail of a Horst and Graben Feature typical of the area
(After McGill and Stromquist, 1976).
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but in this synclinal area, fracturing is minimal and ground­
water recharge is primarily by matrix permeability of the 
sandstone, which is very low. Recharge, as shown in this 
cross section, occurs in the upland areas and discharges to 
streams and to the Spanish Valley.
3.3 The Hvdrostratigraphic Units The geology of salt 
anticlines in the area were mapped by Hite and Lohman (1973) , 
Gard (1976) , and Hite (1976) . Rush and others (1982) 
conducted a preliminary report of the Green River-Moab area, 
assessing the feasibility of using the salt beds underlying 
much of the area for deposition of radioactive wastes.
C.T. Sumison (1971) studied the Spanish Valley and, to a 
lesser extent, the area to the northeast toward the La Sal 
Mountains. Based on his studies and assumptions, he produced 
an electric analog model of the ground-water flow in the 
Valley and then stressed the model to simulate a threefold 
increase in ground-water withdrawal. He used the results to 
predict areas where the ground-water system would be least 
affected by new wells. He also produced an estimate of the 
ground-water budget in the area. A reconnaissance of ground­
water conditions in the bedrock aquifers of Grand County was 
completed to aid in planning for human developments in the 
area (Blanchard, 1990). The focus of this study was in the 
Mill Creek-Spanish Valley area. The hydrogeology in the model 
area consists of the hydrostratigraphy of the Glen Canyon
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Group and the Entrada Formation (collectively called the Glen 
Canyon Aquifer) and the various unconsolidated deposits that 
serve as unconfined aquifers.
Figure 2 9 shows a map view of the geology of the study 
area and the La Sal Mountains to the southeast. Also shown 
are the cross section lines A-A' , B-B, ' and C-C' . Cross 
Section C-C' passes through Ken's Lake, upper Mill Creek, and 
a spring on South Mesa before it ends at Porcupine Rim. The 
hydrostratigraphy and structure of the upper valley area and 
South Mesa is shown on the cross section. The prevalence of 
fracturing and faulting, along with thick sequences of 
Quaternary glacial tills, provides a good environment for 
ground-water percolation and movement in the lower elevations. 
South Mesa is a hydraulically confining feature, preventing 
the infiltration of any significant amounts of water.
3.3.1 Paleozoic Confining Units The strata underlying the 
Glen Canyon Group consists of paleozoic confining units. 
These units have relatively low permeability, and serve as the 
base of the unconfined aquifer (Weir, 1983) . The Paradox 
member of the Hermosa Formation forms the lower confining 
unit, consisting of salt and gypsum beds, and is the oldest 
exposed unit in the area. It outcrops in small areas of the 
Salt and Moab Valleys.
3.3.2 Glen Canvon Acruifer The Glen Canyon Aquifer varies in
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thickness within the model area from about 400 to 700 feet 
(Blanchard, 1990), depending on dissection and erosion. The 
thickness and permeability of each member of the group is 
shown in Figures 23, 24, and 25, with the exception of the
Kayenta Formation. The Entrada, which is not actually part of 
the Glen Canyon Group, is part of the aquifer in the eastern 
areas, and so was included in the Glen Canyon Aquifer. The 
Wingate Formation is assumed to have a fairly constant 
thickness of about 40 0 feet over the entire study area, with 
the exception of the Spanish Valley.
Figure 26 is a diagram of the values of thickness for the 
Glen Canyon Aquifer. The thickness generally increases from 
west to east, resulting from erosional thinning in the western 
study area. Similarly, Figure 27 is a diagram of the weighted 
values for hydraulic conductivity of the aquifer. These 
values also increase from west to east, because of the 
increase in thickness of the Navajo Sandstone, the most 
permeable member. Figure 2 8 is a diagram of the elevation of 
the base of the Glen Canyon Aquifer, which rises 
topographically to the east as a result of the emplacement of 
the La Sal Mountains. The aquifer base is calculated to be 
the base of the Wingate Formation.
3.3.3 Cretaceous Confining Units The Morrison and Dakota 
Formation, and the Mancos Shales are collectively called the 
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in age) . According to the conceptual model, the Cretaceous 
confining units in the uplands prevent or limit the 
infiltration of ground-water into the Glen Canyon Aquifer. 
Recharge occurs from infiltration of precipitation and losing 
streams in the uplands and flows down gradient to Negro Bill 
Creek and the Colorado River, where it discharges.
3.3.4 Unconfined Alluvial Aquifer The Spanish Valley is 
infilled with about 4 00 feet or more of alluvial and glacial 
material, covered in many areas with a thin eolian layer. 
This aquifer is recharged in the upper regions and in the 
losing sections of Pack Creek and Mill Creek, and the aquifer 
discharges near the Colorado River.
3.4 Hydraulic Conductivity of the Acruifers Areas of 
unconsolidated material include extensive but generally thin 
layers of eolian sand, especially in the Sand Flats area 
(Lammers, 1991) . This material has high permeability (50 to 
150 ft/day), depending on the grain size and shape. Many of 
the upland areas below cliffs have unconsolidated alluvial 
fan, colluvial, or debris flow material. The permeability of 
these deposits is variable, depending on sorting, grain size 
and shape, and the presence or absence of clay or fine silt. 
The fine-grained, well cemented sandstones have an average 
matrix K (referring to hydraulic permeability) value of about 
10'5 ft/sec (Fetter, 1988) . The ranges of effective K values
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are from about 0.20 to 100 or more ft/day, depending on 
fracturing. A reasonable K value for the unconsolidated 
material is about 10'3 ft/sec, but it can vary considerably due 
to wide grain-size variations; based on well log data 
(Blanchard, 19 90) , it actually does vary within the valley. 
Specific conductance (Sc) measurements range from 0.8 to 167 
gal/ min/ft in the alluvial aquifer to 0.25 to 2.0 gal/min/ft 
in the Navajo Sandstone, which is matrix flow only.
The surficial soils of the study area are shown in Figure 
28, with their respective values for thickness and hydraulic 
permeability. Many of the soils of interest, particularly the 
eolian soils, may be much thicker than the values listed in 
the sheltered areas of the fractured bedrock.
Sumsion, (1971) described the average textural 
distribution of the soils in the Spanish Valley, Utah, based 
on well logs from 202 wells within the valley. His findings 
indicate that, on the average, hydraulic permeability should 
be rapid (10 ft/day) to very rapid (50 ft/day) in most areas 
of the valley. He found that the average textural composition 
was 7% clay, 4% silt, 50% sand, 23% fine to medium gravel, and 
16% coarse gravel.
Blanchard (1990) estimated the range of matrix hydraulic 
conductivity of the different members of the Glen Canyon 
Aquifer. According to his findings, the Entrada has a 
hydraulic conductivity range of from .1 to 1.1 ft/day, the 
Navajo ranges from .4 to 1.0 ft/day, and the Wingate ranges
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from .1 to 0.4 ft/day. He also indicated that, because of 
fracturing, permeability on a site specific basis can only be 
determined by aquifer tests at that site and in the aquifer of 
interest.
The high degree of fracturing in the competent bedrock 
that has taken place along the margins of the valley has 
caused anisotropic conditions in the bedrock. Whether the 
resulting anisotropy could be termed a hydraulic dam or a 
conduit with respect to the direction of ground-water flow is 
dependent on the specific site of interest. Since some of the 
highest volume wells in the area are located in fractured 
bedrock (Blanchard, 1990), the effective permeability of the 
bedrock did increase by fracturing, and a reasonable estimate 
of the magnitude of the increase is about one to two orders of 
magnitude. This estimate is based on the yields of fractured 
bedrock wells (Blanchard, 1990). Variations are caused 
because of differing depositional microfacies, diagenetic 
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Table 5 Relevant Hydrostratigraphic Units in the Moab Area
(After Weir, 1983)
SYSTEM STRATXGRAPHIC UNIT THICKNESS PRINCIPAL WATER BEARXNG K
(3meters) CHARACTERISTICS (ft/day)
Quaternary Alluvium 0-110+ Composes the main water 
bearing units in the 
Spanish Valley
100
Cretaceous Mancos Shale 0-30+ Aquitard 0
Jurassic Morrison Formation 61-134 Shaley, not water bearing 0












Yields small to moderate 
amounts of water, 
•especially where fractured 
Yields little to no water





Chinle Formation 30-134 Silty, not water bearing 0




4.1 Introduction The flow system in the study area is a 
complicated interaction of surface flow and subsurface flow; 
of matrix and fracture flow; of consolidated and 
unconsolidated flow interactions; of no flow and flux 
boundaries and conduits. The diagrammatic cross sections 
(Figures 19, 20, and 22) indicate the general ground-water 
flow paths with arrows, as does the Figure 29 map view. The 
primary regions of recharge into the ground-water system 
consist of the upland areas and the losing reaches of the 
streams. Flow from these recharge areas will generally follow 
the topographic gradient, except where encountering 
anisotropic conditions caused by fracturing, permeability 
changes, or lithologic variability. Primary discharge is to 
streams such as Mill, Pack, Negro Bill, and the Colorado 
River, and through transpiration of phreatophytes in the lower 
stream drainages.
4.2 Recharge The primary f orms of recharge into the study 
areas hydrologic system are as infiltration of precipitation 
through soils, and as seepage into the aquifer from losing 
streams. The location of these recharge areas are shown in 
Figure 3 0.
The average annual precipitation recorded at the Moab 
Airport rain gage station has been about 8 inches over a 35
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year time period (Rush, 1982) . Most of this precipitation 
evaporates to the atmosphere or is quickly absorbed and 
transpired. The small amount that remains produces runoff in 
the less permeable soils, or passes the plant root zones to 
become aquifer recharge. The amount of runoff produced is 
affected by the amount and duration of precipitation and the 
permeability of the soil, and other factors such as 
topographic slope and evaporation by vegetation.
4.2.1 Streams The gaged surface water inflow to the Colorado 
River on September 28-29, 1948 was 8.5 m3/sec. from Onion,
Rock, Castle, Negro Bill, Mill and Indian Creeks, Salt Wash, 
and Lockhart Canyon (Rush, 1982). The Colorado River is also 
gaining in this area, and is the regional discharge point for 
ground-water.
Average streamflow in Mill Creek from 1949 through 1958 
was 3.45 X 108 ft3/year. Mill Creek is gaining in the upper 
reaches, and is alternately gaining and losing in the middle 
and lower reaches due to the influence of losses to fracture 
systems (Figure 22).
Average streamflow for Pack Creek for 1949 through 1958 
was 6.29 X 107 ft3/year (Weir, 1983). Pack Creek passes 
through similar strata as Mill Creek in the upper reaches, and 
is assumed to be gaining. As it enters the Spanish Valley, 
Pack Creek flows through glacial and alluvial sequences, and 
the upper valley section is assumed to be losing to the
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aquifer because of high hydraulic permeability and a deep 
water table. The lower Spanish Valley has a high water table 
because of the proximity to the Colorado River, and Pack Creek 
is assumed to be gaining in this area.
Cross section A-A' (Figure 19) shows that the lower 
section of Negro Bill Canyon penetrates the Glen Canyon 
Aquifer almost to the top of the Wingate Sandstone. In this 
area, the stream could serve as a recharge source for the 
Wingate, assuming that the Wingate has adequate matrix 
permeability or significant fracture permeability. Negro Bill 
Creek is gaining over most of its length (Sumsion, 1971) , but 
discharge into the creek from the Kayenta may be more than 
recharge into the Wingate.
Most of the aquifer recharge that occurs into the Glen 
Canyon Aquifer below the flanks of the mesa will probably 
follow the dip of the formations toward the southwest or west, 
but some may form a static confined aquifer underneath the 
mesas whose only source of recharge may be upper Mill Creek to 
the southeast.
Table 4 (Blanchard, 1990) shows the gaining and losing 
reaches for Mill Creek and the North Fork of Mill Creek during 
October, 1985. Figure 18 shows the map locations for the 
gaging stations and indicates gaining and losing reaches. It 
was assumed that the streams were at or near baseflow 
conditions at this time of the year. The creeks in the area 
typically pass through zones where they interact hydraulically
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with the material underlying the stream bed, depending on 
hydraulic potential within the zone. The only necessary 
anthropogenic modification that was necessary to this table 
was accounting for the effect of the Sheley diversion in Mill 
Creek between MC-7 and MC-8. This explains the large flow 
discrepancy that is apparent there.
Estimates of ground-water gained or lost to the aquifers 
were calculated (Blanchard, 1990) to input into the hydrologic 
budget shown below. Negro Bill Creek was assumed to be 
gaining since the region that is drained is overlain primarily 
by the relatively impermeable Kayenta Formation. Pack Creek 
is assumed to be losing in the upper reaches, and gaining or 
static in the lower region near the Colorado River.
In the area drained by Negro Bill Canyon, it may be
Table 6 Creek/Aquifer Interaction Within the Study Area
(compiled from information found in Blanchard, 1990)








Mill +3 .50 -1.69 +1.81
North Mill + 1.98 - .86 +1.12
Pack* + .83 - .41 + .42
Negro Bill* + .55 - .34 + .21
Total +6.86 -3.30 
*
Estimated based on area of drainage, climate, lithology, and similarities to values of known drainages.
+3 .56
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assumed that approximately 4% of the precipitation will 
recharge into the aquifer, since most of the outcropping 
bedrock is Kayenta Formation, which is relatively impermeable. 
This is an average figure for the Colorado River basin in this 
area (Weir, 1983) . The total annual precipitation in this 
drainage basin is from approximately 7 inches in the lower 
elevations to 9 or 10 inches in the upper elevations.
The total output from the Spanish Valley Aquifer system 
is approximately 53 . 0 X 108 ft3/year. The flow of the Colorado 
River as it crosses the valley will be somewhat more than the 
flow at the Cisco gaging station, which is 6.674 X 1011 
ft3/year. The amount leaving the valley is then about .80% of 
the total flow in the river, which is a reasonable and 
unnoticable amount of water.
4.2.2 Infiltration of Precipitation Total average annual 
precipitation varies from about 6 inches in the valleys to 
approximately 30 inches in the mountains. Actual infiltration 
is much less, especially in the summer, when the ground-water 
is affected by evaporation and evapotranspiration (ET) down to 
a depth of 10 feet or more (Blanchard, 1990) . The actual 
yearly recharge into the aquifer may be as little as 5 to 10% 
of the total precipitation (Rush, 1982).
The alluvial part of the valley occupies about 1/4 of the 
total study area and the bedrock to the northeast (which is 
also part of the model) occupies the remainder of the area.
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The bedrock is covered by a thin veneer of soil or geomorphic 
deposits in most places that may be derived from eolian, 
fluvial, glacial, weathered fine-grained and/or mass wasting 
material. This unconsolidated material may have a higher K 
value than the underlying bedrock in many places (Blanchard, 
1990) , and may increase the recharge to the bedrock by 
capturing and sheltering the infiltrated water from the arid 
ground surface.
The study area is characterized by competent bedrock 
having varying degrees of fracturing, depending on
proximity to anticlinal axes or to the La Sal uplift (Sumsion, 
1971) . Most of the local drainages are deeply incised and may 
follow the underlying fracture patterns along with the 
topographic gradient influence.
The upper section of Negro Bill Canyon partially 
penetrates the Navajo Formation, Kayenta, and the Wingate 
Sandstone. Some recharge of the bedrock aquifer could be 
occurring from the stream in the aquifer, but since the stream 
is in most places far from the axes of either the Castle 
Valley or the Spanish Valley anticlines, the existing recharge 
would be occurring in unfractured Wingate Sandstone. 
Consequently, the permeability of the aquifer would be related 
to matrix K, which is about .60 ft/day (Blanchard, 1990). This 
K value is one to two orders of magnitude less than comparable 
fractured areas (Gale, 1982).
ER-4529 69
4.3 Discharge Discharge from the aquifer occurs as seeps and 
springs, recharge to streams and to the Colorado River, and as 
evapotranspiration by phreatophytes (Blanchard, 1990) .
The principal area of discharge is in the lower Spanish Valley
where an upward ground-water gradient, as evidenced by
phreatophytes, discharges water to the Colorado River and to 
vegetation.
4.3.1 Rivers and Streams The drainage overlay reveals an 
approximate east-west trend in the stream drainage patterns, 
caused by a combination of fracturing, slope, and lithologic 
factors. Deeply incised canyons characterize many of the
drainages within the study area (Blanchard, 1990) . The
resulting ground-water levels near the canyon walls 
equilibrate to the water levels in these canyons, effectively 
lowering the water table. The streams have eroded the Glen 
Canyon Aquifer to a depth of two to three hundred feet in some 
areas. Since the degree of dissection is so great, hydrologic 
continuity beneath Negro Bill, Mill, and Rill Creeks may be 
affected.
The stream gage data for Pack and Negro Bill Creeks were 
not indicated. Pack Creek is assumed to be gaining throughout 
most of its upper reaches because of its similarity to Mill 
Creek. It is steady in its lower reaches because of a high 
water table. Negro Bill Creek is assumed to be gaining 
because of the relative impermeability of the Kayenta
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formation. The status of these creeks (whether gaining or 
losing) is important in the modeling effort because the model 
is calibrated to spring levels, well levels, and stream head. 
The steady state head in the aquifers should be above the 
stream level if the stream is gaining and below the stream 
level if the reach is losing.
4.3.2 Evapotranspiration The effect of native phreatophytes 
on the model, although not used as recharge indicators as were 
the native xerophytes, is important since they are efficient 
water users. Tamarisk, willow, and cottonwoods grow in the 
floodplain area of the Colorado River near Moab, and intercept 
rising ground-water within the discharge zone. Willow and 
cottonwoods also grow along the banks of Mill, Pack, and Negro 
Bill Creeks, and near springs and seeps.
4.3.3 Springs and Seeps Many of the springs on the Gaining 
and Losing Reaches overlay (Figure 18) near the perimeter of 
the Spanish Valley are caused by hydro-structural 
discontinuities which produce an upward ground-water gradient. 
Most of the springs in the upper and middle elevations are 
caused by stratigraphic discontinuities and lithologic 
permeability variations. Certain formations, such as the 
Mancos and the Morrison, have permeability variations on a 
micro scale that cause many small seeps and prevent surface 
water from permeating them to any appreciable depth, except
ER-4529
where they are thin or heavily fractured.
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4.4 Flow System and Potentiometric Surface Figures 19, 20, 
22, and 29 show the plan view and cross sections of the 
hydrologic model for the study area. Recharge and discharge 
zones for the study area, and flow paths for ground-water, 
have been determined based on vegetation, topography, climate, 
surface water type and distribution, soils, hydrogeology, and 
anthropogenic effects. The recharge and discharge zones do 
not operate to the exclusion of the opposite parameter. Many 
areas probably exhibit both aquifer recharge and discharge, 
depending on the time of the year measured.
Head within the numerical model was originally assigned 
on the basis of the conceptual model. Well levels within the 
Spanish Valley, gaining and losing reaches of the major 
streams, the assumed constant head of the Colorado River, and 
spring/seep elevations were all considered in assigning the 
initial aquifer potentiometric surface (Figure 31).
Wells and test holes within the Spanish Valley indicate 
that the alluvium is at least 400 feet thick and that the 
water table is unconfined (Sumsion, 1971). The average 
saturated thickness of this aquifer is about 70 feet in the 
middle of the valley, and is assumed to be thicker near the 
Colorado River.
Regionally, head values are highest in the northeast 
corner of the study area (Blanchard, 1990) near the mountains,
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and decrease to a minimum at the southwest corner of the area, 
near the Colorado River. The potentiometric surface is 
greatly affected by topography, and most recharge is assumed 
to occur in the upper elevations of the study area and that 
discharge zones are generally near gaining reaches of streams 
and the Colorado River. Ground-water also discharges from the 
study area in the form of evapotranspiration, well pumpage, 
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5.1 Introduction The hydrologic system model was discretized 
and input into the MODFLOW 2-Dimensional finite difference 
computer program (McDonald and Harbaugh, 1988). MODFLOW was 
chosen as the modeling medium because of the widespread use 
and acceptance of this modeling method, and because of 
personal familiarity with the method. The model can be used 
to simulate various natural and artificial recharge and 
discharge situations. Some of the natural functions include 
boundary inflow, infiltration, leakage from different aquifers 
or surface water sources, and boundary outflow. Model 
simulation results in output that includes hydraulic heads.
5.2 Model Application
5.2.1 Grid Orientation and Dimensions The block centered, 
finite-difference grid orientation for the numerical 
simulation was chosen to be parallel to the general trend of 
the anticlinal axes of the Spanish Valley and Castle Valley to 
the northeast. Ground-water flow is approximately parallel to 
the grid orientation within the Spanish Valley because the 
water flow is toward the Colorado River. In the Sand Flats and 
other upland areas, ground-water flow is nearly directly 
westward, which is diagonal to the grid orientation.
Each stream reach corresponds to one grid cell, or about 
2800 feet in each direction. This spacing was chosen because
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the modeled area is about 114 mi2, and a smaller spacing would 
not have been advantageous except in the upland areas of steep 
potentiometric gradient.
5.2.2 Boundaries The boundaries of the model (Figure 37) were 
simulated based on the Hydrologic System model. Three types 
of boundaries were used.
A low conductivity constant head boundary was used to 
simulate the Porcupine Rim area at the northeast edge of the 
modeled area. This boundary was chosen because of the 
extensive faulting parallel to the anticlinal axis that is 
present at this boundary. It was also chosen because of the 
regional dip of the strata to the southwest, which would cause 
most ground-water to flow away from this boundary. The small 
amount of water that does exit the model at this boundary is 
used to simulate the small seeps and the desert varnish on the 
cliff walls, which is indicative of evaporative discharge.
A no flow boundary was implemented at the southwestern 
edge of the Spanish Valley, because of the extensive faulting 
present at this boundary. The lack of significant springs in 
the area to the southwest of the Spanish Valley indicates that 
the ground-water is being diverted by the faulting within the 
valley. In the Grid Orientation and Boundary Conditions 
(Figure 37), the no flow boundary is applied the same way as 
the inactive cells in the MODFLOW program. The no flow 
boundary was chosen to be pictorially represented differently
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than the inactive cells in order to clearly delineate the 
boundary.
General head boundaries were used to simulate the area 
bordering the Colorado River northeast of the Spanish Valley, 
where ground-water seeps, springs, and desert varnish are 
present on the canyon walls.
Constant head boundaries were also used to simulate the 
discharge zone near the Colorado River in the Spanish Valley. 
The eastern model area, near Wilson and South Mesas, was 
assumed to have a certain component of leakage into the 
underlying aquifer because of structural and erosional 
factors, as discussed previously.
5.3 Model Implementation
5.3.1 Base of Acruifer The elevation of the base of the 
Wingate Sandstone was taken from published sources (Blanchard, 
1990) as the elevation of the base of the aquifer (Figure 28) . 
Within the Spanish Valley, the base of the aquifer is the top 
of the Paleozoic confining layers, which are from about 500 to 
800 feet below the ground surface. These values were manually 
discretized and input into the BCG MODFLOW module (Appendix 
XI) .
5.3.2 Saturated Thickness The conceptual model indicates 
that the saturated thickness of the Glen Canyon Aquifer varies 




to the southwest, but structural features such as 
anticline/syncline pairs, the uplift of the La Sal mountains, 
fracturing associated with these events, erosion, stream 
dissection, and lithological fluctuations resulting from 
permeability and original thickness variations all affect the 
saturated thickness of the aquifer. The total thickness of 
the Glen Canyon Aquifer varies from 444 to over 1000 feet, 
without including the overlying Entrada sandstone. The 
Entrada forms part of the aquifer in the upland areas and can 
be over 70 0 feet thick. The saturated thickness was derived 
by taking the published map of the base of the Wingate 
Sandstone (Blanchard, 1990) and finding the difference between 
that and the top of the aquifer as indicated by the conceptual 
model. Over most of the area, the resulting saturated 
thickness was from about 600 to 800 feet. The Valley had from 
300 to 400 feet of saturated thickness in the alluvium as 
indicated by well logs and water levels. The saturated 
thickness was calculated by the MODFLOW program by subtracting 
the elevation of the base of the aquifer (in the BCG57.SAV 
file) from the starting heads (in the BAS57.SAV file).
5.3.3 Hydraulic Conductivity The permeability values 
initially used for the cells in the numerical model were 
calculated by starting with the permeability values for each 
unit present in the cell, multiplying by the thickness of the 
units present at that point, and then adding the resulting
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values together and dividing by the total thickness of the 
Glen Canyon Aquifer in that cell. Weighted conductivity 
values (Figure 27) were then contoured and discretized 
according to the grid spacing of the model.
The conceptual model indicates that faulting and 
fracturing along the valley margins result in increased 
hydraulic conductivity within these zones. This is caused by 
the open fractures being infilled with eolian sand and silt 
rather than clay, resulting in the fractures acting as a 
conduit rather than a dam. The increased K values may one to 
two orders of magnitude greater than the matrix permeability, 
depending on the degree of fracturing present. Conductivity 
values were discretized and input into the MODFLOW BCG 57.SAV 
file.
5.3.4 Model Lavers The unconfined aquifer consists of 
several members which have variable thickness and permeability 
characteristics. The differences between fracture and matrix 
flow, consolidated bedrock permeability and unconsolidated 
alluvium permeability, and permeability contrasts caused by 
lithologic variation may indicate that a multiple layer model 
should be considered. When viewed as a total system, however, 
reasonable estimates were derived for a single layer model 
which would both simplify the model while retaining enough 
information to represent the system adequately.
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5.3.5 Starting Heads The starting heads input into the 
numerical model were assigned based on manually discretizing 
the potentiometric surface map (Figure 31) . The starting 
heads (Figure 34) indicate a steep ground-water gradient in 
the upland areas near the mesas, and a more constant gradient 
elsewhere. The final heads (Figure 35) were calibrated to the 
starting heads. The potentiometric gradient at the interface 
between the valley alluvium and the Glen Canyon Aquifer was 
not great for several reasons: the contour interval is 100 
feet, which would smooth out many small fluctuations in the 
head, and the local streams emerging into the valley are 
already deeply incised into the underlying bedrock. The 
stream levels were one of the major factors used in assigning 
the starting heads.
5.3.6 Recharge Aquifer recharge varies from a low value in 
the Spanish Valley to a high along the upper reaches of 
Porcupine Rim. For the calibrated model, it was assumed that 
recharge was approximately 9% of the isoheyetal values, 
according to Weir and others (1983). The isoheyetal values 
were estimated based on a comparison of 20 climatically 
similar sites in Utah and Colorado within a radius of 
approximately 100 miles of Moab, Utah. The comparison used 
the parameters elevation, precipitation, and vegetation types 
naturally occurring in their areas to predict a reasonable 
estimate for the study area. The 9% uniform recharge value
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was assigned based on the assumption that in the upper 
regions, eolian, glacial, and colluvial cover types dominate 
and that alluvial, glacial, and eolian cover types dominate in 
the lower regions, these cover types having similarly high 
hydraulic permeability values. Within the study area, 
estimated precipitation varied from 8 inches/yr near Moab to 
14 inches/yr in the uplands (Rush, 1992). These values were 
discretized by being converted to aquifer recharge per year, 
then to feet per day, then input into the MODFLOW model in the 
RCH1 package. During calibration, the recharge package was 
not used as a variable, except in extreme cases when 
permeability alterations were not sufficient or realistic.
Streams caused both recharge and discharge to the aquifer 
during model calibration. Within the model, stream 
interaction was simulated by calculating the stream 
conductance for each cell containing a stream node, and 
inserting these values, with elevation information, into the 
RIV57.SAV module in the MODFLOW program. Table 7 shows 
calculations for stream conductance. The riverbed
permeability was input as 50 ft/day at each node, since this 
is a reasonable average figure for unconsolidated riverbed 
material.
5.3.7 Discharge Discharge from the model was designed to 
occur principally at the Colorado River. Discharge also 











































seeps and springs on canyon walls. The Colorado River within 
the Spanish Valley is the regional discharge point for ground­
water since it is the area that has the lowest steady state 
potentiometric head within the model.
The seasonal influence of phreatophytes, simulated by 
using the pumping well package (WEL57.SAV) in MODFLOW, was 
averaged on an annual basis so that steady state conditions 
could be represented.
According to Weir (1983), the total annual discharge by 
phreatophytes in the Spanish Valley, along Mill and Pack 
Creeks as well as along the Colorado River, is about 16 X 106 
m3/yr. In order to be input into the numerical model, this 
figure was divided by 40, converted into ft3/yr, and input 
into 4 0 cells along major creeks in the area. The number of 
cells that were chosen to be represented (40 cells) as pumping 
wells represent the approximate coverage of the valleys by 
phreatophytes. The simulation used them as pumping wells 
within the cells. The total output per cell, using the above 
formula, was calculated as 28 X 106 ft3/yr. This attempt 
resulted in some of the cells along Rill and upper Mill Creeks 
going dry, because the pumping rate was too high. The pumping 
rate for these cells was reduced by 100, with the rationale 
that the area affected by the phreatophytes along these 
drainages was not 2800 feet (the cell dimensions) , but more 
likely about 28 feet wide. Pumping rates in cells in the
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lower valley areas were correspondingly increased so that 
the mass balance would not be affected.
5.4 Model Calibration
5.4.1 Potentiometric Surface The final heads in the model, 
which were part of the output of the numerical simulation, 
were calibrated to the starting heads. The calibration 
consists of altering the conductivity values in individual 
cells or groups of cells within the limits imposed by the 
conceptualization process. Using the input parameters 
described in the preceding sections, the difference in the 
starting and final heads was minimized. The optimum 
calibration would have many of the final heads equal to the 
starting heads, with the sum of the remaining head differences 
equal to zero. The final heads for the calibrated model are 
shown in Figure 35, and a comparative graph of the starting vs 
final heads are shown in Figure 36. After calibration, the 
numerical difference between the starting and final heads was 
minimized to less than 50 feet in most cases, which is less 
than 10% of the total aquifer thickness (from 600 to 800 feet 
in the Glen Canyon Aquifer) . In the Spanish Valley the head 
differences were from 0.0 to 8 feet in most cases.
5.4.2 Model Sensitivity to Recharge Sensitivity tests were 
conducted to determine the effects of changing conductivity 
and recharge on model calibration. The results are:
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Table 7 Calculations for Stream Conductance
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A B C D E r O
1 CALCULATIONS FOR STREAM CONDUCTANCE
2 FORMULA FOR CONDUCTANCE - C = KLW/M
3
4 K L (ft) W (ft) M (ft) C=sq ft/day
5 Row Column (ft/day) Reach length River width Riverbed b CONDUCTANCE
6 9 14 50 1500 4 3 100000
7 9 13 50 600 4 3 40000
8 10 13 50 2800 4 3 186667
9 10 12 50 3500 4 3 233333
10 10 11 50 600 4 3 40000
11 11 11 50 3000 4 3 200000
12 11 10 50 1200 8 3 160000
13 12 10 50 5000 8 3 666667
14 13 9 50 3200 8 3 426667
15 13 8 50 3000 8 3 400000
16 14 8 50 3000 12 3 600000
17 15 7 50 4000 12 3 800000
18 15 6 50 2850 12 3 570000
19 11 17 50 500 6 3 50000
20 11 16 50 2300 6 3 230000
21 12 16 50 3100 6 3 310000
22 13 16 50 4800 6 3 480000
23 14 15 50 3600 8 3 480000
24 15 15 50 200 8 4 20000
25 15 14 50 1800 8 4 180000
26 14 14 50 1600 8 4 160000
27 15 13 50 2900 8 4 290000
28 15 12 50 3200 8 4 320000
29 16 12 50 2900 8 4 290000
30 17 12 50 4000 12 4 600000
31 17 11 50 1200 12 5 144000
32 18 11 50 3100 12 5 372000
33 19 11 50 3000 12 5 360000
34 19 10 50 4000 12 8 300000
35 19 9 50 2400 14 8 210000
36 20 9 50 1200 14 8 105000
37 20 8 50 2900 14 8 253750
38 20 7 50 2800 14 8 245000
39 21 7 50 2000 14 8 175000
40 21 6 50 3000 14 8 262500
41 12 30 50 2900 10 3 483333
42 13 30 50 2500 10 3 416667
43 14 29 50 2800 10 3 466667
44 15 29 50 3000 10 3 500000
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Table 7 (continued) Calculations for Stream Conductance
A B C D E F G
45 15 28 50 2000 10 33 30303
46 16 28 50 1900 10 3 316667
47 16 27 50 2900 10 3 483333
48 16 26 50 2900 10 3 483333
49 16 25 50 3100 10 3 516667
50 16 24 50 3100 10 4 387500
51 16 23 50 3100 10 4 387500
52 16 22 50 2900 10 4 362500
53 15 21 50 3000 12 4 450000
54 15 20 50 3400 12 4 510000
55 16 19 50 1000 12 4 150000
56 16 18 50 3200 12 5 384000
57 16 17 50 2900 12 5 348000
58 16 16 50 2900 12 5 348000
59 16 15 50 3000 12 5 360000
60 16 14 50 1300 12 55 14182
61 17 14 50 1800 12 5 216000
62 17 13 50 2900 12 5 348000
63 18 29 50 2800 4 3 186667
64 18 28 50 2900 4 3 193333
65 18 27 50 2900 4 3 193333
66 18 26 50 2900 4 3 193333
67 18 25 50 2900 4 3 193333
68 18 24 50 2900 4 3 193333
69 18 23 50 2900 4 3 193333
70 18 22 50 3000 4 3 200000
71 19 21 50 800 46 6 306667
72 1 19 20 50 3800 6 6 190000
73 19 19 50 3100 6 6 155000
74 19 18 50 3000 6 6 150000
75 19 17 50 3000 6 8 112500
76 19 16 50 3200 6 8 120000
77 19 15 50 3000 6 8 112500
78 19 14 50 2900 6 8 108750
79 19 13 50 3100 8 8 155000
80 19 12 50 3000 8 8 150000
81 18 32 50 3100 4 3 206667
82 18 31 50 2700 4 3 180000
83 19 31 50 800 4 3 53333
84 19 30 50 3100 4 3 206667
85 19 29 50 3000 4 3 200000
86 19 28 50 3100 4 3 206667
87 19 27 50 3000 4 3 200000
88 19 26 50 2800 4 4 140000
89 19 25 50 2800 4 4 140000
90 19 24 50 2900 4 4 145000
91 19 23 50 3000 6 5 180000




1) File OUT63.NIL (Appendix VI and Figure 37):
This test resulted in several cells going dry in the north 
western edge of the model, with drawdown values of over 600 
feet along the Porcupine Rim. This indicates that even with 
a small amount of flux entering, the model is still very 
sensitive to recharge.
2) Recharge increases of 3X, 5X, and 10X
(Files OUT70.RP3, OUT70.RP5, OUT70.RP9 in Appendix VI) (Figure 
38) :
The results of these tests indicate that, although the 
entire model is sensitive to recharge increases, the north­
western area is the most sensitive. The area around Mat 
Martin Point showed maximum drawup values of over 2 000 feet, 
and the Spanish Valley showed from 0 to 20 feet of drawup. 
The only map that was drawn of this series was OUT70.RP3 (Fig.
38) , because it is the least of the recharge increases, and 
still shows significant drawup.
3) Recharge decreases of 1/2, 1/3, and 1/5
(Files OUT70.RN2, OUT70.RN3, AND OUT70.RN5 in Appendix VI) 
(Figure 39):
The results of these tests indicate that the most 
sensitive area for lowered recharge rates is in the northwest 
quadrant of the study area, near Mat Martin Point. With 
successive decreases in recharge, the area of maximum drawdown 

































is the most sensitive area in the model to recharge decreases. 
The only map that was drawn of this series was for RN2 (Fig.
39) since it shows a high degree of sensitivity with 1/2 of 
the normal recharge.
5.4.3 Sensitivity Analysis to Conductivity
1) Conductivity Increases of X 10 and X 100 (Files OUT70.KP1, 
OUT70.KP2 in Appendix VI) (Figure 40):
These increases resulted in drawdown matrices similar to 
those for recharge increases. The area of maximum drawdown 
was in the upper model area near Porcupine Rim, and maximum 
drawdown was from 500 to 600 feet for the larger multiplier. 
The map drawn for this series (Fig. 40) used K X 10 only (File 
OUT70.KP1) .
2) Conductivity Decreases of 1/10, and 1/100 (Files OUT70.KM1, 
OUT70.KM2 in Appendix VI) (Figure 41) :
These decreases, which were X.l and X.01, resulted in 
head increases that were similar to the recharge increases 
mentioned above. The model appears to be sensitive to both 
conductivity and recharge increases and decreases. Figure 44 
shows a K decrease of X .1, and a high degree of sensitivity 
is indicated. The most conductivity sensitive areas are shown 
to be areas of low hydraulic conductivity.
5.5 Model Calibration Using Vegetation Indicators











































































to recharge and permeability, an approach was developed to use 
the presence of certain species of natural vegetation to 
estimate aquifer recharge. The rationale and results of the 
method is as follows:
5.5.1 Relating Vegetation Species to Recharge - The method 
involves back calculating the aquifer recharge using 
vegetation species that are sensitive to recharge (and 
elevation) and inputing averaged recharge values back into the 
model.
The hypothesis/rationale used is that some plant species 
are indicative of certain recharge ranges, assuming that the 
study area has not been disturbed by anthropogenic factors or 
natural causes such as a blight or fire. If values of 
recharge, determined by using a percentage of isoheyetal 
precipitation, can be related to the presence of key 
vegetation species, these species can be used to predict 
recharge in similar environments. The value of this method is 
that recharge variables, such as slope steepness and aspect, 
may be better accounted for using vegetation methods, than 
by elevation-based precipitation methods.
Appendix V is a spreadsheet listing individual model cell 
locations and the recharge values from the calibrated model 
that correspond to each cell. For each recharge range, a 
certain vegetation species may be dominant in that cell. If 





























corresponding to the intersection of the cell location and the 
vegetation species in that recharge range. For example, in 
the first cell, (2, 24) , Big Sage, Pinion/Juniper, and Oak
were listed as the dominant vegetation. The aquifer recharge 
from the calibrated model was listed as 1.24 inches per year. 
Thus, the number 1 was input in the spreadsheet cells 
corresponding to 1.24 inches of recharge and the listed 
species. This same process was accomplished for each cell, 
and the total number of cells having each species within each 
recharge zone was tabulated.
5.5.2 Results The tabulated sums of the number of cells 
having each species in each recharge zone are shown at the end 
of the spreadsheet and in Table 8. Table 9 lists each major 
species along with the total number of cells and recharge 
zones. Certain species, such as Big Sage, Blackbrush, Gambel 
Oak, Rabbitbrush, and Shadscale all show that there is a 
relationship between recharge and the number of prevalent 
cells, and are shown in Figures 42 through 48.
Gambel Oak covers a small percentage of the model area, 
and generally occurs at higher elevations. It is also an 
effecient water user, grows well in shaley soils, which will 
have essentially no aquifer recharge. Rabbitbrush is a 
discharge species in many areas and grows well along waterways 
and in areas of high water table, but can also tolerate 







































































primary growth species. Shadscale is a good indicator of 
shaley, high salinity soils more that it is an indicator of a 
certain recharge zone. Pinion/juniper covered areas are not 
good indicators for reasons already mentioned. The species of 
grasses mapped occurs only in a very narrow zone of sandy 
soil, and various species occur sitewide. The most useful 
indicator species were thus identified as Big Sage for the 
higher elevations and Blackbrush for the lower elevations.
After sage and blackbrush were identified as viable 
potential indicators of aquifer recharge, an overlay was 
constructed showing the approximate aerial extent of the two 
species (Figure 49) . Recharge was calculated for the two 
species by counting the total number of cells that they each 
had significant populations in, adding all of the recharge 
values for all of the cells for each species, and dividing the 
sum by the total number of cells for each species. A weighted 
value for recharge was thus obtained for each species, and was 
found to be 2.81 ft/day for sage and 1.963 ft/day for 
blackbrush. When these values were input back into the 
calibrated model as recharge input, the drawdown results are 
shown in Figure 50. These results show'that deviation from 
the calibrated model is minimal.
The method may produce reasonable results on a different 
study area, and testing the utility of these results is 
reccomended for another area. This recharge file is called 

































































































































































































































































































































































































































1.27 1.14 1.05 0.96 0.88 0.70
RECHARGE (IN/YEAR)
Note: Frequency of occurrence refers to the number of cells
in the model that have shadscale as a dominant species.
Recharge is into the calibrated model.


















Note: Frequency of occurrence refers to the number of cells 
in the model that have pinion or juniper as dominant 
species.
Recharge is into the calibrated model.




















Note: Frequency of occurrence refers to the number of cells 
in the model that have grasses as a dominant species.
Recharge is into the calibrated model.
GRASSES
1.27 1.14 1.05 0.96 0.88 .0.70
RECHARGE (IN/YEAR)


















Note: Frequency of occurrence refers to the number of cells 
in the model that have rabbitbrush as a dominant 
species.
Recharge is into the calibrated model.














m & m4 V A V 4 V
1.27 1.14 1.05 0.96 0.88 0.70
RECHARGE (IN/YEAR)
Note: Frequency of occurrence refers to the number of cells 
in the model that have gambel oak as a dominant 
species.
Recharge is into the calibrated model.















1.27 1.14 1.05 0.96 0.88 0.70
RECHARGE (IN/YEAR)
Note: Frequency of occurrence refers to the number of 
cells in the model that have blackbrush as a 
dominant species.
Recharge is into the calibrated model.














1.27 1.14 1.05 0.96 0.88
RECHARGE (IN/YEAR)
Note: Frequency of occurrence refers to the number
of cells in the model that have Big Sage as 
a dominant species.
Recharge is into the calibrated model.
0.70
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The purpose of this study was to develop a numerical 
model of the hydrologic system in and near the Spanish Valley 
of southeastern Utah, then to test the model using the 
hypothesis that the existing native vegetation is a useful 
indicator of recharge to the unconfined aquifer. The 
objectives were to produce a recharge sensitive numerical 
model, and to test the hypothesis and draw conclusions 
concerning the validity of using vegetation as indicators of 
recharge.
The elevation of the study area ranges from about 4 000 
feet in the northwest to 8000 feet at the northeastern edge, 
and the topography varies from valleys to highly dissected 
canyons and plateaus. The soils vary from alluvial, eolian, 
and glacial material in the valleys to pedogenic, glacial, and 
colluvial material in the upland regions. The vegetation 
consists of grasses, salt tolerant species, eolian vegetation, 
and small trees such as pinion, gambel oak, and juniper. The 
surface water originates in the upland drainages, and follows 
topographic and structural features before it exits to the 
Spanish Valley and finally to the Colorado River. The 
hydrogeology consists of highly fractured competent sandstone 
in the upland regions, and unconsolidated alluvial material in 
the lower valleys. The lower geologic units form relatively 
impermeable barriers to ground-water flow.
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Recharge to the unconfined aquifer occurs in the upland 
regions and in losing stream reaches. Aquifer discharge 
occurs in gaining stream sections or springs caused by 
structural or stratigraphic factors, and regional ground-water 
discharge is to the Colorado River at the northwest end of the 
study area.
A numerical model of the ground-water system was produced 
using the finite difference 2-dimensional MODFLOW groundwater 
modeling program. The numerical model was designed to be 
sensitive to recharge, and the model produced reasonable 
results regarding mass balance, stream heads, and the 
conceptual model.
Recharge estimates using vegetation indicators were input 
into the developed numerical model using a method of 
approximating vegetational influences. The method used the 
presence of recharge sensitive species to delineate boundaries 
that were then related to the average model recharge in each 
zone.
Reasonable results were produced, but the method remains 
to be tested on a different but similar region to determine 
its utility. Other species than those used, such as shadscale, 
saltbush, pinion, juniper, oak, and ponderosa pine probably 
will prove to be useful indicators of recharge, given specific 
constraints and conditions. These might include soil pH, 
salinity, drainage, or aspect factors, or other factors that 
must be combined with transpiration and rainfall amounts.
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Blackbrush should have careful studies proposed and 
performed to establish transpiration ranges, since it is a 
major species covering much of the region. Consistent methods 
of estimating transpiration ranges for all of the species will 
certainly aid in estimating aquifer recharge.
Methods of improving the assessment of the impact of 
vegetation densities, depth of influence of the roots, and the 
effects of multiple species interactions within the same 
isoheyetal zone should be more carefully studied. Vegetation 
canopy height and density should also be recognized and 
quantified to refine this method of recharge estimation.
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APPENDIX I
WEATHER STATION LOCATIONS, PRECIPITATION, AND TEMPERATURE
(From NOAA, 1992)
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APPENDIX I WEATHER STATION LOCATIONS, PRECIPITATION, AND
Station #1 Climatic data for MOAB, UTAH 
Latitude: 3S36N Longitude: 10936W Elevation:
TEMPERATURE
3965
—  Temperature ---
-Ex treme- 
— Temp---
— Precipi tation —  
Norm Mean Mean Heat Cool
Month Mean Max Min Max Min Days Snow/ Days Days






February 38.8 52.0 25.5 (1) (1) .43 (1) (1) 734 0
March 48.2 62.1 34.2 Cl) Cl) .85 (1) (1) 521 0
Apri 1 57.1 72.1 42.0 (1) (1) .97 (1) (1) 250 13
May 66.3 82.4 50.1 Cl) (1) .71 (1) Cl) 56 97
June 75.4 93.1 57.6 (1) (1) .48 (1) (1) 0 316
July 81.7 99.1 64.2 Cl) (1) .86 (1) (1) 0 518
August 79.7 96.6 62.8 Cl) Cl) .85 (1) (1) 0 456
September 70.2 87.5 52.9 (1) Cl) • .75 (1) (1) 17 173
October 57.8 74.7 40.8 Cl) (1) 1.12 (1) C D 236 13
November 44.4 58.4 30.5 (1) Cl) .73 (1) (1) 618 0
December 33.4 45.3 21.4 (1) Cl) .65 (1) (1) 980 0
Full year 56.9 72.1 41.7 Cl) (1) 8.96 (1) (1) 4494 1586
Station #2 Climatic data for MANTI, UTAH
Latitude: 3915N Longitude: I1138W Elevation: 5740
-Extreme- — Precipitation—
—  Tempera













Full year 47.5 61.2
t u r e  — Temp  Norm
Min Max Min
13.9 (1) (1) .98
18.9 Cl) (1) 1.02
25.1 Cl) -Cl) 1.53
31.9 (1) Cl) 1.41
39.4 (1) Cl) 1.28
47.4 Cl) Cl) .81
54.6 (1) Cl) .82
52.7 Cl) (1) .98
44.2 (1) Cl) 1.40
34.6 (1) Cl) 1.29
24.9 Cl) Cl) 1.14
16.2 (1) Cl) 1.06
33.7 Cl) (1) 13.72
Mean Mean Heat Cool
Days Snow/ Days Days
>0.01 Ice
> 1.0
Cl) (1) 1231 0
(1) (1) 966 0
(1) Cl) 846 0
(1) (1) 579 0
(1) (1) 336 0
(1) (1) 110 65
Cl) (1) 0 176
Cl) Cl) 17 125
Cl) (1) 184 28
Cl) Cl) 484 0
(1) (1) 837 0
(1) (1) 1175 0
(1) (1) 6765 394
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APPENDIX I WEATHER STATION LOCATIONS, PRECIPITATION,
Clisatic data for HONTICELLO, UTAH Station # 3 AND TEMPERATURE
Latitude: 3752N Longitude: 109181s Elevation: 6820
-Extrese- — Precipitation—
—  Temperature — — leap— Norxi Mean Kean Heat Cool
Month Mean Max Min Max Kin Days
>0.01
Snow/ Days Days 
Ice 
>1.0
January 24.0 *?< nwvia. 12.8 (1) (1) 1.41 (1) (1) 1271 0
February 28.7 40.1 17.2 (1) (1) 1.00 (1) (1) 1016 0
March 35.5 47.7 23.4 (1) (1) 1.18 (1) (1) 915 0
April 43.9 58.1 29.7 (1) (1) .B5 (1) (1) 633 0
May 52.7 67.6 37.5 (1) (1) .92 (1) (1) 361 0
June 62.1 7B.8 45.3 (1) 11) .57 U) 11) 127 40
July 66.5 84.3 52.6 (1) (1) 1.57 (1) (1) 8 117
August 66.1 81.3 50.9 (1) (1) 1.90 (1) (1) 51 85
Septeaber 58.2 73.5 42.9 (1) (1) 1.58 (1) (1) 212 8
October 47.6 61.8 33.3 (1) (1) 1.62 (1) (1) 539 0
November 35.3 47.1 23.4 (1) (1) 1.37 (1) (1) 891 0
Dececber 26.1 37.2 15.0 (1) (1) 1.49 (1) (1) 1206 f\V
Full year 45.7 59.4 32.0 (1) (1) 15.46 (1) (1) 7250 250
A G E N C Y  : U S D O C , N A T IO N A L  O C E A N IC  &  A T M O S P H E R IC  A D M IN IS T R A T IO N
PROGRAM : W e a t h e r  C o n d i t i o n s  a t  M e t e o r o l o g i c a l  S t a t i o n s  i n  t h e  U .S
T I T L E  - : C l i m a t e  d a t a  f o r  TH O M PSO N , U T A H  Station #4
M o n t h M e a n M a x M in  M a x M in D a y s
> 0 . 0 1
S n o w /  D a y s  
I c e  
> 1 . 0
D a y s
J a n u a r y 2 4 . 0 3 5 . 1 1 2 . 8  ( 1 ) ( 1 )  . 7 5 ( 1 ) ( 1 ) 1 2 7 1 O
F e b r u a r y 3 3 ^ 0 4 4 . 6 2 1 . 3  ( 1 ) ( 1 )  . 4 8 ( 1 ) ( 1 ) 8 9 6 O
M a r c h 4 1 . 4 5 3 . 5 2 9 . 3  ( 1 ) ( 1 )  . 9 2 ( 1 ) ( 1 ) 7 3 2 O
A p r i l 5 0 . 2 6 3 . 1 3 7 . 2  ( 1 ) C l )  . 7 5 ( 1 ) ( 1 ) 4 4 9 O
M a y 6 0 . 7 7 4 . 1 4 7 . 3  ( 1 ) ( 1 )  . 8 6 ( 1 ) C l ) 1 6 7 3 4
J u n e 7 1 . 0 8 5 . 0 5 7 . 0  ( 1 ) ( 1 )  . 5 4 ( 1 ) C l ) 2 2 2 0 2
J u l y 7 8 . 1 9 1 . 9 6 4 . 3  ( 1 ) ( 1 )  - 7 6 C l ) O 4 0 6
A u g u s t 7 5 . 3 8 8 . 9 6 1 . 6  ( 1 ) ( 1 )  . 9 2 ( 1 ) C l ) O 3 1 9
S e p t e m b e r 6 6 . 0 7 9 . 7 5 2 . 2  ( 1 ) ( 1 )  . 9 3 ( 1 ) C l ) 8 8 1 1 8
O c t o b e r 5 4 . 2 6 7 . 5 4 0 . 8  ( 1 ) ( 1 )  1 . 0 2 C D ( 1 ) 3 4 6 1 1
N o v e m b e r 4 0 . 0 5 1 . 4 2 8 . 6  ( 1 ) ( 1 )  . 6 9 ( 1 ) ( 1 ) 7 5 0 O
D e c e m b e r 2 8 . 2 3 9 . 0 1 7 . 4  ( 1 ) ( 1 )  . 6 0 ( 1 ) ( 1 ) 1 1 4 1 O
F u l l  y e a r 5 1 . 8 6 4 . 5 3 9 . 2  ( 1 ) ( 1 )  9 . 2 2 ( 1 ) C l ) 5 8 6 2 1 0 9 0
ER-4529 127
APPENDIX I WEATHER STATION LOCATIONS, PRECIPITATION, AND
\G E N C Y  : U SD O C , N A T IO N A L  O C E A N IC  &  A T M O S P H E R IC  A D M IN IS T R A T IO N
PROGRAM : W e a t h e r  C o n d i t i o n s  a t  M e t e o r o l o g i c a l  S t a t i o n s  i n  t h e  U . S .
T IT L E  : C l i m a t e  d a t a  f o r  U R A V A N , CO LO RAD O . Elevation 4990 ft
Station #5
4 o n t h M e a n M a x M in  M a x M in D a y s
> 0 . 0 1
S n o w /  D a y s  
I c e  
> 1 . 0
D a y s
J a n u a r y 2 6 . 4 3 9 . 7 1 3 . 0  ( 1 ) ( 1 )  . 8 8 ( 1 ) C l ) 1 1 9 7 0
F e b r u a r y 3 4 . 2 4 7 . 9 2 0 . 3  ( 1 ) ( 1 )  . 6 2 ( 1 ) ( 1 ) 8 6 2 0
' l a r c h 4 2 . 0 5 6 . 0 2 8 . 1  ( 1 ) ( 1 )  1 . 0 0 ( 1 ) ( 1 ) 7 1 3 0
A p r i l 5 0 . 0 6 5 . 2 3 4 . 7  ( 1 ) ( 1 )  1 . 0 1 ( 1 ) ( 1 ) 4 5 0 0
l a y 6 0 . 3 7 6 . 5 4 4 . 1  ( 1 ) ( 1 )  1 . 0 0 C l ) ( 1 ) 1 7 0 2 4
J u n e 6 9 . 9 8 7 . 9 5 1 . 9  ( 1 ) ( 1 )  - 4 5 C l ) ( 1 ) 3 1 1 7 8
J u l y 7 6 . 5 9 4 . 0 5 8 . 9  ( 1 ) ( 1 )  1 . 3 2 ( 1 ) ( 1 ) 0 3 5 7
A u g u s t 7 4 . 4 9 0 . 9 5 7 . 7  ( 1 ) ( 1 )  1 . 4 2 ( 1 ) C l ) 0 2 9 1
S e p t e m b e r 6 5 . 0 o n  n A n *7 / i ^i f  . f V ±  J (1 - )  . 1 . 3 0 C l ) ( 1 ) o n  * u u -8 5
O c t o b e r 5 3 . 6 7 0 . 6 3 6 . 5  ( 1 ) ( 1 )  1 . 5 3 C l ) C l ) 3 5 8 0
N o v e m b e r 3 9 . 8 5 3 . 7 2 5 . 9  ( 1 ) ( 1 )  1 . 0 9 ( 1 ) C l ) 7 5 6 0
D e c e m b e r 2 9 . 4 4 1 . 6 1 7 . 1  ( 1 ) ( 1 )  * 9 8 C l ) ( 1 ) 1 1 0 4 0
F u l l  y e a r 5 1 . 8 6 7 . 2 3 6 . 3  ( 1 ) ( 1 )  1 2 . 6 0 C l ) C D 5 7 2 6 9 3 5
A G E N C Y  : U S D O C , N A T IO N A L  O C E A N IC  &  A T M O S P H E R IC  A D M IN IS T R A T IO N
PROGRAM : W e a t h e r  C o n d i t i o n s  a t  M e t e o r o l o g i c a l  S t a t i o n s  i n  t h e  U . S .
T I T L E  : C l i m a t e  d a t a  f o r  GRAND J U N C T IO N  WSO A P ,  COLORADO
S t a t i o n  # 6  E l e v a t i o n  4 7 6 0  f t
M o n th M e a n M a x M in M a x
J a n u a r y 2 5 . 0 3 5 . 5 1 4 . 5 6 0
F e b r u a r y 3 4 . 5 4 5 . 4 2 3 . 5 6 8
M a r c h 4 3 . 4 5 5 . 6 3 1 . 3 8 1
A p r i l 5 2 . 2 6 5 . 8 3 8 . 5 8 5
M a y 6 2 . 0 7 6 . 0 4 7 . 9 9 5
J u n e 7 2 . 4 8 7 . 7 5 7 . 1 1 0 5
J u l y 7 8 . 8 9 3 . 6 6 3 . 9 1 0 5
A u g u s t 7 6 . 4 9 0 . 5 6 2 . 2 1 0 3
S e p t e m b e r 6 7 . 0 8 1 . 1 5 2 . 8 9 8
O c t o b e r 5 4 . 7 6 7 . 7 4 1 . 6 8 8
N o v e m b e r 4 0 . 4 5 1 . 4 2 9 . 4 7 5
D e c e m b e r 2 8 . 7 3 8 . 7 1 8 . 7 6 4
F u l l  y e a r 5 3 . 0 6 5 . 8 4 0 . 1 1 0 5
M in  D a y s  S n o w /  D a y s  D a y s
> 0 . 0 1  I c e  
> 1.0
- 2 3 . 5 6 7 . 0 2 . 6 1 2 4 0 0
- 1 8 . 4 8 6 . 0 1 . 2 8 5 4 0
5 . 9 0 7 . 7 1 . 3 6 7 0 0
1 1 . 7 5 6 . 4 . 3 3 8 9 0
2 6 . 8 7 6 . 2 C 3 ) 1 3 2 3 9
3 4 . 5 0 4 . 2 . 0 1 3 2 3 5
4 6 . 6 5 5 . 3 . 0 0 4 2 8
4 3 . 8 1 6 . 5 . 0 0 3 5 3
2 9 . 8 2 5 . 8 ( 3 ) 5 5 1 1 5
1 8 . 9 8 5 . 4 . 2 3 3 2 1 3
- 2 . 7 1 5 . 5 1 . 0 7 3 8 0
- 1 7 . 6 1 6 . 2 2 . 0 1 1 2 5 0
- 2 3 8 . 6 4 7 2 . 2 8 . 7 5 5 4 8 1 1 8 3
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APPENDIX I WEATHER STATION LOCATIONS, PRECIPITATION, AND
TEMPERATUREClisatic data for BLANDINB, UTAH Station #7 
Latitude: 3737N Longitude: 1092S1? Elevation: 6130
-Extrese- — Precipitation—
—  Terperature — — 7eep—  Nora Kean Kean Heat Cool
Month Kean Hax Kin Kax Kin Days
>0.01
Snow/ Cays Days 
Ice 
>1.0
January 27.3 38.5 16.0 (11 (1) 1.23 (1) (1) 1169 0
February 33.6 45.2 22.0 (1) (1) .90 (1) (1) B79 0
March 39.8 52.2 27.4 (1) (1) .94 (1) (1) 781 0
April 47.7 61.9 53.4 (11 (1) .73 (1) (11 519 0
*«7 57.2 72.5 41.9 (1) (1) .60 (1) (1) 250 9
June 67.3 83.3 50.7 (1! (U .45 11) (1) 56 125
July 73.3 89.0 57.5 £1) (1) 1.30 (1) (1) o 257
August 70.9 86.0 55.7 (1) (1) 1.42 (1) (1) 0 187
September 62.6 77.7 47.8 (1) (1) 1.28 (1) (1) 121 55
October 51.7 65.5 37.8 (1) (1) 1.36 (1) (1) 419 6
NovesbEr 39.1 50.9 27.2 (1) (1) 1.08 (1) (11 777 0
ueceaber 29.8 40.8 18.8 (1) (1) 1.18 (1) (11 1091 0
Full year 50.0 63.7 36.4 (1) (1) 12.47 (1) (1) 6062 639
‘A G E N C Y  :  U S D O C , N A T IO N A L  O C E A N IC  &  A T M O S P H E R IC  A D M IN IS T R A T IO N
PROGRAM :  W e a t h e r  C o n d i t i o n s  a t  M e t e o r o l o g i c a l  S t a t i o n s  i n  t h e  U . S .
T I T L E  :  C l i m a t e  d a t a  f o r  C A S T L E  D A L E , U T A H  Station #8
M o n t h M e a n M a x M in M a x M in D a y s
> 0 . 0 1
S n o w /  D a y s  
I c e  
> 1 . 0
D a y s
J a n u a r y 2 1 . 5 3 5 . 3 7 . 7 ( 1 ) ( 1 )  . 5 2 ( 1 ) C l ) 1 3 4 9 O
F e b r u a r y 2 8 . 7 4 2 . 9 1 4 . 6 ( 1 ) ( 1 )  - 4 6 ( 1 ) ( 1 ) 1 0 1 6 0
M a r c h 3 7 . 8 5 2 . 3 2 3 . 3 ( 1 ) ( 1 )  . 5 9 ( 1 ) C l ) 8 4 3 O
A p r i l 4 6 . 3 6 2 . 3 3 0 . 3 ( 1 ) ( 1 )  . 4 8 ( 1 ) C l ) 5 6 1 O
M a y 5 5 . 7 7 2 . 5 3 8 . 9 ( 1 ) ( 1 )  . 6 3 ( 1 ) C l ) 2 9 4 6
J u n e 6 5 . 0 8 3 . 1 4 6 . 9 ( 1 ) ( 1 )  . 5 0 ( 1 ) ( 1 ) 7 6 7 6
J u l y 7 1 . 6 8 9 . 3 5 3 . 8 ( 1 ) ( 1 )  - 8 7 ( 1 ) C l ) 5 2 1 0
A u g u s t 6 9 . 1 8 6 . 8 5 1 . 4 ( 1 ) ( 1 )  . 9 9 ( 1 ) C l ) 2 5 1 5 2
S e p t e m b e r 6 0 . 1 7 8 . 0 4 2 . 2 ( 1 ) C l )  . 7 6 C l ) C l ) 1 7 5 2 8
O c t o b e r 4 9 . 1 6 6 . 2 3 2 . 0 ( 1 ) ( 1 )  - 7 1 C l ) C l ) 4 9 3 O
N o v e m b e r 3 5 . 9 5 0 . 3 2 1 . 4 ( 1 ) ( 1 )  . 4 9 C l ) C l ) 8 7 3 O
D e c e m b e r 2 4 . 8 3 8 - 2 1 1 . 3 ( 1 ) ( 1 )  . 5 0 C l ) C l ) 1 2 4 6 O
F u l l  y e a r 4 7 . 1 6 3 . 1 3 1 . 2 ( 1 ) ( 1 )  7 . 5 0 ( 1 ) C l ) 6 9 5 6 4 7 2
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APPENDIX I WEATHER STATION LOCATIONS, PRECIPITATION, AND
A G E N C Y  : U S D O C , N A T IO N A L  O C E A N IC  &  A T M O S P H E R IC  A D M IN IS T R A T IO N
PROGRAM : W e a t h e r  C o n d i t i o n s  a t  M e t e o r o l o g i c a l  S t a t i o n s  i n  t h e  U . S .
T I T L E  :  C l i m a t e  d a t a  f o r  S U N N Y S ID E , U TA H  Station #9
Elevation 6780 ft
M o n th M e a n M a x M in  M a x M in D a y s
> 0 . 0 1
S n o w /  D a y s  
I c e  
> 1 . 0
D a y s
J a n u a r y 2 3 . 0 3 3 . 3 1 2 . 8  ( 1 ) ( 1 )  . 6 9 ( 1 ) C l ) 1 3 0 2 0
F e b r u a r y 2 7 . 9 3 8 . 8 1 7 . 0  ( 1 ) ( 1 )  . 8 6 ( 1 ) C l ) 1 0 3 9 0
M a r c h 3 3 . 0 4 4 . 6 2 1 . 4  ( 1 ) ( 1 )  1 . 1 0 ( 1 ) C l ) 9 9 2 0
A p r i l 4 1 . 7 5 4 . 1 2 9 . 3  ( 1 ) ( 1 )  1 . 0 5 ( 1 ) C l ) 6 9 9 0
M a y 5 1 . 6 6 4 . 2 3 8 . 9  ( 1 ) ( 1 )  1 . 1 7 ( 1 ) C l ) 4 1 9 0
J u n e 6 1 . 7 7 6 . 0 4 7 . 4  ( 1 ) C l )  - 8 9 ( 1 ) C l ) 1 4 6 4 7
J u l y 6 9 . 5 8 3 . 7 5 5 . 1  ( 1 ) ( 1 )  1 . 3 1 ( 1 ) 1 6 1 5 6
A u g u s t 6 7 . 4 8 1 . 6 5 3 . 1  ( 1 ) ( 1 )  1 . 4 0 ( 1 ) C l ) 4 3 1 1 7
S e p t e m b e r 5 8 . 1 7 1 . 7 4 4 . 4  ( 1 ) ( 1 )  . 1 - 4 7 C l ) C l ) 2 2 4 1 7
O c t o b e r 4 7 . 6 6 0 . 2 3 4 . 9  ( 1 ) ( 1 )  1 . 2 5 ( 1 ) ( 1 ) 5 3 9 0
N o v e m b e r 3 4 . 5 4 5 . 3 2 3 . 7  , ( 1 ) ( 1 )  . 8 3 ( 1 ) C l ) 9 1 5 0
D e c e m b e r 2 4 . 8 3 4 . 8 1 4 . 8  ( 1 ) ( 1 )  . 7 3 ( 1 ) ( 1 ) 1 2 4 6 0
F u l l  y e a r 4 5 . 1 5 7 . 4 3 2 . 7  ( 1 ) ( 1 )  1 2 . 7 5 C l ) ( 1 ) 7 5 8 0 3 3 7
A G E N C Y
PROGRAM
T I T L E
U S D O C , N A T IO N A L  O C E A N IC  &  A T M O S P H E R IC  A D M IN IS T R A T IO N  
W e a t h e r  C o n d i t i o n s  a t  M e t e o r o l o g i c a l  S t a t i o n s  i n  t h e  U .S .
C l i m a t e  d a t a  f o r  M E X IC A N  H A T , U TA H  
E l e v a t i o n  4 1 2 0  f t
Station #10
M o n t h M e a n M a x M in  M a x M in D a y s
> 0 . 0 1
S n o w /
I c e
> 1 . 0
D a y s D a y s
J a n u a r y 3 0 . 5 4 2 . 9 1 8 . 0  ( 1 ) C l )  - 5 0 C l ) ( 1 ) 1 0 7 0 0
F e b r u a r y 3 8 . 2 5 2 . 1 2 4 . 2  C l ) C l )  - 4 6 C l ) C l ) 7 5 0 0
M a r c h 4 5 . 7 6 1 . 0 3 0 . 4  C l ) C l )  . 4 9 ( 1 ) C l ) 5 9 8 0
A p r i l 5 4 . 2 7 0 . 5 3 7 . 8  C l ) C l )  . 3 7 ( 1 ) C l ) 3 2 9 0
M a y 6 4 . 3 8 1 . 0 4 7 . 6  ( 1 ) C l )  - 4 0 ( 1 ) C l ) 8 6 6 5
J u n e 7 4 . 6 9 2 . 5 5 6 . 7  ( 1 ) C l )  . 2 1 C l ) C l ) 0 2 9 2
J u l y 8 1 . 3 9 7 . 8 6 4 . 8  - C D - C l ) -  . 7 2 C l ) C l ) 0 5 0 5
A u g u s t 7 8 . 7 9 4 . 8 6 2 . 5  C l ) C l )  . 6 9 ( 1 ) C l ) 0 4 2 5
S e p t e m b e r 6 9 . 4 8 6 . 3 5 2 . 4  C l ) C l )  . 6 9 C l ) C l ) 2 5 1 5 7
O c t o b e r 5 6 . 6 7 3 . 6 3 9 . 5  C l ) C l )  . 9 9 C l ) ( 1 ) 2 7 1 1 0
N o v e m b e r 4 3 . 4 5 8 . 0 2 8 . 8  ( 1 ) C l )  . 5 6 ( 1 ) ( 1 ) 6 4 8 0
D e c e m b e r 3 2 . 4 4 5 . 2 1 9 . 6  C l ) C l )  . 5 7 ( 1 ) C l ) 1 0 1 1 0
F u l l  y e a r 5 5 . 8 7 1 . 3 4 0 . 2  C l ) C l )  6 . 6 5 ( 1 ) C l ) 4 7 8 8 1 4 5 4
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A G E N C Y  : U S D O C , N A T IO N A L  O C E A N IC  &  A T M O S P H E R IC  A D M IN IS T R A T IO N
PROGRAM : W e a t h e r  C o n d i t i o n s  a t  M e t e o r o l o g i c a l  S t a t i o n s  i n  t h e
T I T L E  : C l i m a t e  d a t a  f o r  MONUMENT V A L L E Y  M I S ,  U T A H  ■ station #11
Elevation 5300 ft
M o n t h M e a n M a x M in  M a x M in D a y s
> 0 . 0 1
S n o w /  D a y j 
I c e  
> 1 . 0
J a n u a r y 3 2 . 3 4 1 . 0 2 3 . 6  ( 1 ) ( 1 )  . 4 6 C l ) ( 1 ) 1 0 1 <
F e b r u a r y 3 9 . 2 4 8 . 8 2 9 . 6  ( 1 ) ( 1 )  . 5 2 ( 1 ) ( 1 ) 7 2 2
M a r c h 4 6 . 8 5 7 . 7 3 5 . 7  ( 1 ) ( 1 )  . 6 0 ( 1 ) C l ) 5 6 4
A p r i l 5 5 . 0 6 7 . 1 4 2 . 8  ( 1 ) C l )  - 4 2 C l ) C l ) 3 1 8
M a y 6 4 . 4 7 6 . 7 5 2 . 0  ( 1 ) C l )  . 4 3 C l ) C l ) 1 1 2
J u n e 7 4 . 7 8 7 . 7 6 1 . 7  ( 1 ) ( 1 )  . 2 8 ( 1 ) C l ) g
J u l y 8 0 . 3 9 2 . 8 6 7 . 7  ( 1 ) C l )  . 9 1 C l ) C l ) 0
A u g u s t . 7 8 . 1 9 0 . 1 6 5 . 9  ( 1 ) ( 1 )  . 9 9 ( 1 ) C l ) 0
S e p t e m b e r 7 0 . 2 8 2 . 0 5 8 . 2  ( 1 ) ( 1 )  . 8 1 ( 1 ) C l ) 1 1
O c t o b e r 5 8 . 1 6 9 . 6 4 6 . 5  ( 1 ) C l )  . 9 3 C l ) C l ) 2 5 2
N o v e m b e r 4 5 . 0 5 4 . 5 3 5 . 4  ( 1 ) ( 1 )  . 6 5 C l ) C l ) 6 0 0
D e c e m b e r 3 4 . 2 4 2 . 4 2 6 . 0  ( 1 ) C l )  . 6 6 C l ) C l ) Shf5
F u l l  y e a r 5 6 . 5 6 7 . 5 4 5 . 4  ( 1 ) ( 1 )  7 . 6 6 C l ) C l ) 4 5 5 7
A G E N C Y
PROGRAM
T I T L E
U S D O C , N A T IO N A L  O C E A N IC  &  A T M O S P H E R IC  A D M IN IS T R A T IO N  
W e a t h e r  C o n d i t i o n s  a t  M e t e o r o l o g i c a l  S t a t i o n s  i n  t h e  
C l i m a t e  d a t a  f o r  O U R A Y , U T A H  S t a t i o n  # 1 2
E l e v a t i o n 4 3 5 0  f
M o n t h M e a n M a x M in
J a n u a r y 1 4 . 6 2 8 . 4 . 6
F e b r u a r y 2 2 . 9 3 7 . 6 8 . 2
M a r c h 3 8 . 0 5 3 . 0 2 2 . 9
A p r i l 4 9 . 6 6 6 . 0 3 3 . 1
M a y 5 9 . 2 7 6 . 5 ■ 4 1 . 8
J u n e 6 8 . 6 8 7 . 5 4 9 !  7
J u l y 7 5 . 3 9 4 . 4 5 6 . 1
A u g u s t 7 2 . 8 9 1 . 8 5 3 . 6
S e p t e m b e r 6 2 . 6 8 1 . 5 4 3 . 8
O c t o b e r 4 9 . 8 6 7 . 7 3 1 . 9
N o v e m b e r 3 4 . 5 4 8 . 5 2 0 . 4
D e c e m b e r 1 9 . 5 3 2 . 4 6 . 6
F u l l  y e a r 4 7 . 3 6 3 . 8 3 0 . 7
M a x  M in
. 3 5  
. 3 2  
. 5 1  . 68 
. 6 9  
. 5 9  
. 6 5  
. 6 4  
. 7 9  
. 8 7  
. 4 7  
. 4 7  
7 . 0 3
D a y s  S n o w /  
> 0 . 0 1  I c e  
>1.0
1 5 6 2  
1 1 7 9  
8 3 7  
4 6 2  
1 9 2  
3 7  
C 0 
l?: 
4 7  j. 
9 1 5  
1 4 1 1  
7 1 9 6
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G ENCY : U S D O C , N A T IO N A L  O C E A N IC  &  A T M O S P H E R IC  A D M IN IS T R A T IO N
ROGRAM : W e a t h e r  C o n d i t i o n s  a t  M e t e o r o l o g i c a l  S t a t i o n s  i n  t h e  U . S .
I T L E  : C l i m a t e  d a t a  f o r  C O R T E Z , COLORADO station # 1 3
Elevation 6 2 1 2  ft
o n t h M e a n M a x M in  M a x M in D a y s>0.01
S n o w /  D a y s  
I c e  
>1.0
D a y s
a n u a r y 25.1 39.2 10.9 (1) (1) .89 (1) C l ) 1237 0
e b r u a r y 30.8 44.5 17.1 (1) (1) -87 C l ) C l ) 958 0
a r c h 37.5 51.3 23.8 (1) (1) 1.35 C l ) C l ) 853 0
p r i l 45.2 60.6 29.8 (1) (1) .85 C l ) C l ) 594 0
a y 54.6 70.9 38.1 (1) (1) -90 (1) (1) 322 0
u n e 64.3 82.1 46.4 (1) (1) .48 C l ) C l ) 81 60
u l y 71.0 87.5 54.4 (1) (1) 1.26 (1) C l ) 0 186
u g u s t 68.9 84.8 52.9 (1) (1) 1.48. C l ) C l ) 11 132
e p t e m b e r 60.6 76.9 44.3 (1) (1) 1.33 C l ) C l ) 146 14
c t o b e r 49.7 65.9 33.4 (1) (1) 1.46 C l ) C l ) 474 0
o v e m b e r 37.4 51.6 23.1 (1) (1) 1.16 (1) C l ) 828 0
a c e m b e r 27.5 41.1 13.9 (1) (1) 1.18 C l ) C l ) 1163 0
i l l  y e a r 47.7 63.0 32.3 (1) (1) 13.21 C l ) (1) 6667 392
GENCY
ROGRAM
I T L E
U S D O C , N A T IO N A L  O C E A N IC  &  A T M O S P H E R IC  A D M IN IS T R A T IO N  
W e a t h e r  C o n d i t i o n s  a t  M e t e o r o l o g i c a l  S t a t i o n s  i n  t h e  U . S .  
C l i m a t e  d a t a  f o r  M ESA V E R D E  N A T L  P A R K , CO LO RADO  station #14 
Elevation 7 1 1 5  ft
o n t h
a n u a r y
a b r u a r y
a r c h




j g u s t  
s p t e m b e r  
c t o b e r  
o v e m b e r  
a c e m b e r  
a l l  y e a r
M e a n M a x M in  M a x M in D a y s>0.01
S n o w /
I c e>1.0
D a y s D a y s
27.6 38.3 •16.9 Cl) Cl) 1.63 Cl) Cl) 1159 031.9 42.7 21.0 Cl) Cl) 1.40 Cl) CD 927 0
37.3 48.5 26.1 Cl) Cl) 1.87 Cl) Cl) 859 0
45.2 57.8 32.6 Cl) Cl) l.H Cl) Cl) 594 0
55.3 68.8 41.6 Cl) (1) 1.08 Cl) Cl) 313 12
65.8 80.5 51.0 Cl) Cl) .57 Cl) CD 64 8871.5 85.8 57.1 Cl) Cl) 1.89 Cl) Cl) 5 20769.1 82.9 55.2 Cl) Cl) 1.92 Cl) Cl) 14 14161.5 74.9 48.1 Cl) Cl) 1-51 Cl) Cl) 145 4051.1 63.8 38.3 Cl) Cl) 1.77 Cl) Cl) 438 7
38-. 1 48.8 27.3 Cl) (1} 1.66 CD CD 807 0
29.3 39.5 19.1 (1) Cl) 1.66 Cl) Cl) 1107 048.6 61.0 36.2 Cl) Cl) 18.07 Cl) Cl) 6432 495
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A G E N C Y  : U S D O C , N A T IO N A L  O C E A N IC  &  A T M O S P H E R IC  A D M IN IS T R A T IO N
PROGRAM : W e a t h e r  C o n d i t i o n s  a t  M e t e o r o l o g i c a l  S t a t i o n s  i n  t h e  U . S .
T I T L E  : C l i m a t e  d a t a  f o r  M O N TR O S E , COLORADO S t a t i o n  # 1 5
E l e v a t i o n  5 7 8 5
M o n t h M e a n M a x M in M a x M in D a y s
> 0 . 0 1
S n o w /
I c e
> 1 . 0
D a y s D a y s
J a n u a r y 2 4 . 8 3 7 . 3 1 2 . 3 ( 1 ) ( 1 )  - 4 7 C l ) ( 1 ) 1 2 4 6 0
F e b r u a r y 3 1 . 6 4 4 . 4 I B .  8 ( 1 ) ( 1 )  . 4 2 C l ) ( 1 ) 9 3 5 0
M a r c h 3 9 . 5 5 2 . 6 2 6 . 2 ( 1 ) ( 1 )  . 6 6 ( 1 ) ( 1 ) 7 9 1 0
A p r i l 4 8 . 0 6 2 . 1 3 3 . 8 ( 1 ) ( 1 )  . 7 6 C l ) ( 1 ) 5 1 0 0
M a y 5 7 . 2 7 1 . 9 4 2 . 4 ( 1 ) ( 1 )  . 8 5 ( 1 ) ( 1 ) 2 4 8 7
J u n e 6 6 . 6 8 2 . 5 5 0 . 6 ( 1 ) ( 1 )  . 6 1 ( 1 ) C l ) 6 8 1 1 6
J u l y 7 2 . 5 8 8 . 2 5 6 . 7 ( 1 ) ( 1 )  1 . 0 1 C l ) ( 1 ) 0 2 3 3
A u g u s t 7 0 . 0 8 5 . 6 5 4 . 4 ( 1 ) ( 1 )  1 . 1 1 ( 1 ) ( 1 ) 11 1 6 6
S e p t e m b e r 6 1 . 5 7 7 . 2 4 5 . 7 ( 1 ) ( 1 )  1 . 1 7 ( 1 ) ( 1 ) 1 4 3 3 8
O c t o b e r 5 0 . 4 6 5 . 7 3 5 . 0 ( 1 ) ( 1 1  1 . 1 4 ( 1 ) ( 1 ) 4 5 3 0
N o v e m b e r 3 7 . 7 5 0 . 3 2 5 . 0 ( 1 ) ( 1 )  . 8 3 C l ) C l ) 8 1 9 0
D e c e m b e r 2 7 . 6 3 9 . 5 1 5 . 6 ( 1 ) ( 1 )  . 6 5 C l ) C D 1 1 5 9 0
F u l l  y e a r 4 9 . 0 6 3 . 1 3 4 . 7 X - l) ( 1 ) •  9 . 6 8 / n C D s/uuu 5 5 0
A G E N C Y
PROGRAM
T I T L E
U S D O C , N A T IO N A L  O C E A N IC  &  A T M O S P H E R IC  A D M IN IS T R A T IO N  
W e a t h e r  C o n d i t i o n s  a t  M e t e o r o l o g i c a l  S t a t i o n s  i n  t h e  U .S .  
C l i m a t e  d a t a  f o r  T E L L U R  I D E ,  COLORADO s t a t i o n  #"16 
E l e v a t i o n  8 7 4 5  f t
M o n t h
J a n u a r y
F e b r u a r y
M a r c h
A p r i l
M a y
J u n e
J u l y
A u g u s t
S e p t e m b e r
O c t o b e r
N o v e m b e r
D e c e m b e r
F u l l  y e a r
M e a n M a x M in  M a x M in D a y s
> 0 . 0 1
S n o w / .  D a y s  
I c e  
> 1 . 0
D a y s
2 1 . 9 3 7 . 6 6 . 2  C l ) C l )  1 . 5 4 C l ) C l ) 1 3 3 6 0
2 4 . 8 4 0 . 3 9 . 1  C l ) C l )  1 . 4 8 C l ) C l ) 1 1 2 6 0
2 9 . 5 4 3 . 7 1 5 . 3  ( 1 ) C l )  2 . 0 7 C l ) C l ) 1 1 0 1 0
3 7 . 7 5 2 . 4 2 2 . 9  ( 1 ) C l )  1 . 8 9 C l ) C l ) 8 1 9 0
4 6 . 5 6 2 . 5 3 0 . 4  ( 1 ) C l )  1 . 7 9 ( 1 ) C l ) 5 7 4 0
5 4 . 8 7 3 . 3 3 6 . 3  ( 1 ) C l )  1 . 3 0 ( 1 ) C l ) 3 1 0 0
6 0 . 2 7 7 . 9 4 2 . 6  ( 1 ) C l )  2 . 6 0 C l ) C l ) 1 5 2 0
5 8 . 5 7 5 . 2 4 1 . 7  ( 1 ) C l )  2 . 8 6 C l ) C l ) 2 0 4 0
5 2 . 0 6 8 . 9 3 5 . 0  C l ) C l )  2 . 4 2 C l ) 3 9 0 0
4 3 . 1 6 0 . 2 2 6 . 0  C l ) C l )  2 . 2 1 ( 1 ) C l ) 6 7 9 0
3 1 . 5 4 6 . 4 1 6 . 5  C l ) C l )  1 - 7 5 C l ) C l ) 1 0 0 5 0
2 3 . 4 3 8 . 2 8 . 4  C l ) C l )  1 . 7 0 C l ) C l ) 1 2 9 0 0
4 0 . 3 5 6 . 4 2 4 . 2  C l ) C l )  2 3 . 6 1 C l ) ( 1 ) 8 9 8 6 0
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WEATHER STATION LOCATIONS, PRECIPITATION, 
Cliratic data fc- RISC, CDLDRADD Station #17
Latitude: 3742!N LcrM I 4||4 A 1>y a. i u u c * 10SOi* e;levaticr 8780
ese- — Pnecipitai:ion—
““ 1 C'rperature —---leap— Mors Kean Mean neat Cod
Konth Kean K a x Kin Kan Kin Days Snow,r Days Cays
>0.01 Ice
>1.0
January 21.6 3S.3 4.9 il) il) 2.26 (1) (1) 1345 0
February 23.7 40.3 7.0 (15 (15 2.20 (1) ( 1) 1156 0
March 27.9 43.0 12.7 •;d (1) 2.72 (1) (1) 1150 0
-■pril 35.8 50.6 20.8 id (1) 1.89 (1) (1) 876 0
May 44.2 60.7 27.7 id (1) 1.79 (i) il) 645 0
June 52.1 70.7 33.4 id 115 1.62 (1) (1) 387 0
July 57.6 75.3 39.9 (i) (1) 3.29 (1) (1) 229 0
August 56.1 73.1 35.0 ID (15 3.36 (1) (1) 276 0
Septeaber 49.4 66.5 32.2 (I) (1) 2.74 (1) (1) 466 0
October 41.6 55.5 24.7 (1) (15 2.36 ( U (1) 725 0
S'oveaber 30.7 46.0 15.2 (1) (1) 2.36 (1) (1) 1029 0
leceaber 23.1 39.1 7.0 (1) (1) 2.54 (1) (i) 1299 0
r-ll year 28.7 55.2 22.0 (1) (1) 29.13 (1) (1) Q S O VTw w  •/ o
Cliaatic data for 6ATEMV, C3LQRAD3 
Latitude; 3840K Longitude: JC8S8K Elevation; 4550
-Estrese- — Precipitation--
-- TevrpcT ct;ure — • --Te;•p Ki:rs Kean Kean Heat ■WkiU.
■ 'sr.th Kean Kan “;n flax a;.I.Ail Cays Snow/ Days Days
>0.01 Ice
>1.0
January 28.5 4C.9 16.1 C) (1) 7\ (1) (1) 1132 0
Tebruary 36.6 49.7 23.4 (15 11) .68 (15 (15 795 0
March 44.4 55.1 30.6 (1) (1) !.14 (IS il) 639 0
Ap-il 52.5 67.7 7̂. o (1) il) .93 Ui il) 383 8
Kay 61.2 76.7 *5.7 >15 (i) Ii ,.07 (15 (1) 160 42
June 70.6 86.8 54.3 (1) (15 .61 (1! .* tii; 37 205
July 76.7 92.1 61.2 (1) (1) i.13 (1) il) 0 w6c*
August 74.4 89.7 59.1 (1) (1) 1.24 il) (1) 0 295
Ssptester 66.2 82.1 50.3 (1) (15 .94 il) (1) 64 100
3ctcaer 54.5 70.4 38.4 (1) (U 1 01 (1) (1) 331 6
Scvesber 42.2 55.5 23.9 !1) t t t 1,.00 (1) ) 634 <%V
31.4 43.4 19.3 •1) il) Of> Wv C) 11) 1042 0
Full yea' S3 • 3 67.E 56.7 (15 il) ‘I C 1 (15 •::} 1C19
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. APPENDIX I WEATHER STATION LOCATIONS, PRECIPITATION,
Cliaatic data tor DELTA, COLORADO Station #19 
Latitude: 3845N Longitude: 10804H Elevation: 4930
-txtrese- -Precipitation-
—  Tesperature — — TeSp— More Mean Mean Heat Cool
Month Kean Max Min Max Hin Days
>0.01
Snow/ Days Days 
Ice 
>1.0
January 25.6 39.1 12.1 (1) (1) .51 (1) (1) 1221 0
February 33.3 48.2 13.4 (1) (1) .43 (1) (1) 888 0
March 41.8 57.7 25.9 (1) (1) .71 (1) (1) 719 0
April 50.5 67.7 33.1 (1) (1) .57 (1) (1) 435 0
May 59.3 77.1 41.5 (1) (1) .76 (1) (1) 186 9
June 68.1 87.3 48.3 (1) (1) .63 (1) (1) 38 131
July 73.7 92.9 54.5 (1) (1) .76 (1) (1) 0 270
August 71.2 89.9 52.4 (1) (1) .93 (1) (1) 10 202
Septeaber 62.7 81.5 43.9 (1) (1) 1.10 (1) (1) 125 56
October 52.0 69.8 34.0 (1) (1) 1.16 (1) (1) 403 0
Novesfcer 39.2 54.1 24.3 (1) (1) .74 (1) (i) 774 0
Deceaber 23.6 42.1 15.1 (1) (1) .58 (1) (1) 1128 0
Full year 50.5 67.3 Ow.6 (1) (1) 8.93 (1) (1) 5927 668
Various colusns:
01 Koreal Monthly Mean Teeperature (degrees Fahrenheit)
02 Noreel Monthly Kaxieue Tesperature (degrees Fahrenheit;
03 Norsal Monthly Kinisua Tespe-ature (degrees Fahrenheit)
04 txtrese Maxieua Tesperature for eonth (degrees Fahrenheit)
(1) = data sissing
05 Extreoe Minisue Tesperature for sonth (degrees Fahrenheit)
(i) = data sissing
06 Norsal Monthly Precipitation (inches)
07 Mean nueber days with precipitation of 0.01* or sore
(3) = Value greater than zero but less than 0.05 days
08 Mean nueber days Kith snow/ice pellets of 1.0" or sore
(3) 5 Value greater than zero but less than 0.05 days 
0? Norsal Monthly Heating Degree Cays (base 65 degrees Fahrenheit)
10 Norsal Monthly Cooling Degree Days (base 65 degrees Fahrenheit)
All tesperatures are in degrees Fahrenheit. Data shown in cclusns 
1 to 3, 6, 9 and 10 are based on average sonthly observations for 
the standard norsal reference period 1961-1990. Data shown in thE 
other coluans are sears based on different (sostly longer than 
1961-90) averaging periods.
National Econcaic, Social, and Envircnaentai Data Bank 
ITEM ID : NS CLIMAT 427846
DATE : Nov 4, 1992
AGENCY : USDOC, NATIONAL OCEANIC I ATMOSPHERIC ADMINISTRATION
?F,C£f:AM : Heather Conditions at Meteorological Stations in the L'.S.
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APPENDIX II
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A map depicting che stations in Utah for which evaporation^data has been tabulated.
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DATA TABULATIONS FOR UTAH STATIONS
Table 1. Estimates of pan evaporation at climatic stations where pan data are estimated by 
other climatic parameters.
Station Elevation May June July Aur. Sept. Oct. Seasonal
Altamont 6370 6.0 6.8 7.8 7. t 4.8 2.8 35.2
AS&R Research Laboratory £266 8.6 10.1 10.7 8.7 6.7 4.3 49.0
Alton 6370 8.0 9.3 10.4 9.3 6.9 4.2 48.2
Antelope £225 9.9 11.6 12.4 10.0 7.7 4.9 56.5
Beaver 5920 7.0 8.0 9.2 8.6 5.6 3.2 61.4
Bingham Canyon 6095 7.3 8.6 9.1 7.4 5.7 3.6 41.7
Birdseye 5760 7. 1 8.3 8.9 7 5.5 3.5 60.4
Black Rock £895 9.7 11.3 12.7 11.3 8.4 5.2 58.6
Blandlng 6036 9.0 10.4 11.2 9.0 6.9 6.4 50.9
Bluff 6315 12.3 14.3 . 15.2 12.3 9.5 6.1 69.6
Bonanza 5650 8.3 9.5 10.9 9.9 6.7 3.8 49.2
Brigham City 6335 9.6 11.2 12.0 9.7 7.4 6.8 54.7
Bryce Canyon FAA AP 7595 6.7 7.8 8.4 6.3 5.2 3.3 38.2
Bryce Canyon NP HDQ 7950 6.7 7.8 8.3 6. 7 5.2 3.3 38.1
Capitol Reef Natl PK 5500 10.8 12.5 14.0 12.5 9.3 5.7 66.8
Cedar City FAA AP 5601 7.8 8.9 10.3 9.3 6.3 3.6 46.2
Cedar City Steam Plant 5980 10.3 12.0 13.4 12.0 8.9 5.5 62.0
Cedar Point 6760 7.4 8.4 9.7 8.8 5.9 3.4 43.6
Clear Creek 8300 5.7 6.6 7.0 5.7 £.6 2.8 32.1
Cisco 6351 11.1 13.0 13.8 11.2 8.6 5.5 63.2
Clear Lake Refuge £600 9.3 10.8 11.6 9.3 7.2 4.6 52.8
Coalville 5550 6.7 7.8 8.7 7.8 5.8 3.6 40.4
Corinne 6230 8.7 10.1 10.8 8.7 6.7 4.3 49.4
Cottonwood Weir 6950 12.0 13.9 15.6 13.9 10.4 6.4 72.2
Cove Fort 5980 8.0 9.1 10.5 9.8 6.5 3.7 47.4
Deer Creek Dam 5270 8.0 9.2 10.4 9.2 6.9 4.2 47.9
Delta AP 6759 9.8 11.4 12.8 11.4 8.5 5.2 59.3
Deseret £585 9.1 10.6 11.3 9.1 7.0 4.5 51.5
Desert Exp Range 5252 10.4 12.1 12.9 10.4 8.0 5.1 58.9
Duchesne 5510 8.8 7.7 8.9 8.1 5.4 3.1 60.0
Dugway 4360 9.7 11.3 12.1 9.8 7.5 4.8 55.3
Echo Dam 5500 6.9 8.0 9.0 8.0 6.0 3.7 41.5
Elberta 4690 6.3 7.2 8.3 7.5 5.1 2.9 37.3
Emery 6200 8.4 9.7 10.9 9.7 7.3 4.4 50.4
Ephraim Sorensens Fid R 5580 6.7 7.6 8.8 8.0 5.4 3.1 39.4
Escalante « 5810 9.5 11.0 12.3 11.0 8.2 5.0 56.9
Fairfield 4876 8.6 10.0 10.6 8.6 6.6 4.2 68.6
Fillmore 5160 8.3 9.5 10.9 10.0 6.7 3.9 49.3
Garfield 4310 9.7 11.3 12.1 9.8 7.5 4.8 55.2
Garland 4350 8.5 9.9 10.5 8.5 6.5 4.2 48.1
Carrison 5275 10.0 11.6 12.4 10.1 7.7 4.9 56.6
Glen Canyon City 4160 11.3 13.1 14.0 11.4 8.7 5.6 66.1
Grouse Creek 5270 7.7 9.0 9.6 7.8 6.0 3.8 66.0
Hanksville 4308 9.8 11.3 12.7 11.6 8.5 5.2 58.9
Hardware Ranch 5560 4.7 5.4 6.2 5.6 3.8 2.2 27.9
Heber 5580 5.2 5.9 6.8 6.2 4.2 2.6 30.6
Hiawatha 7230 7.6 8.8 9.9 8.8 6.6 4.0 45.6
Hovenweep Natl Mon 5240 10.4 12.2 13.0 10.5 8.1 5.2 59.3Ibapah 5280 8.3 9.7 10.6 8.4 6.5 6.1 67.6Jensen 4720 7.4 8.5 9.7 8.8 5.9 3.4 43.5
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Scuclon Elevut ion May June July Aug. Sept. Oct. Seasonal
Kumas Ranger Station 6495 5.7 6.6 7.1 5.7 4.4 2.8 32.2
K.inab 4 985 9. 1 10.4 12.0 10.9 7.3 4.2 53.9
Lakeside 423 0 8.4 9.8 11.0 9.8 7.3 4.5 50.8
Laketown 5988 6.4 7.4 8.0 6.4 4.9 3.2 36.3
La Sal 6960 7.9 9.1 9.8 7.9 6.1 3.9 44.6
La Verkin 3200 10.7 12.2 14.1 12.8 8.6 4.9 63.3
Levan 5300 9.8 11.4 12.1 9.8 7.5 4.8 55.4
Lewiston 4430 6.6 7.5 8.7 7.9 5.3 3.1 39.1
Loa 7045 6.9 8.0 8.5 6.9 5.3 3.4 39.0
Logan Radio KVNU 4504 6.8 7.7 9.0 8.1 5.5 3.1 40.3
Logan L'tah State Univ 4785 9.5 11.0 12.3 11.0 8.2 5.0 57.1
Logan 5 SU Exp Farm 4490 6.7 7.6 8.8 8.0 5.4 3.1 39.4
Logan Sugar Factory 4,75 7.2 8.2 9.4 8.6 5.8 3.3 ‘ 42.5
Lund 5091 11.4 13.3 14.8 13.3 9.9 6.1 68.7
Manti 5740 6.6 7.5 8.6 7.8 5.3 3.0 38.8
Midvale 4 342 10.1 11.8 12.6 10.2 7.8 5.0 57.4
Modena 5,o.J 10.2 11.9 12.7 10.3 7.8 5.0 57.9
Monticello o 98m 8.1 9.4 10. 1 8.1 6.3 4.0 46.0
Moroni 5525 7.2 8.1 9.4 8.6 5.8 3.3 42.4
Mountain Dell Dam 5,2u 7.3 8.5 9.5 8.5 6.3 3.9 44.0
Nephi 524w 10.3 12.0 12.8 10.3 7.9 5.1 58.4
New Harmony 529i. 7.8 8.8 10.2 9.3 6.2 3.6 45.9
Oak. City 507 5 10.2 11.9 12.7 10.2 7.9 5.0 57.8
Ogden Sugar Factory 4 23>J 8.1 9.2 10.6 9.6 6.5 3.7 47.7
Pangui cch o72o 7.5 8.7 9.3 7.5 5.8 3.7 42.6
Park City 697 5.9 6.9 7.3 5.9 4.5 2.9 33.4
Park Valley 552 a 8.7 10.1 11.3 10.1 7.5 4.6 52.3
Parowan 597 5 7.4 8.4 9.7 8.8 5.9 3.4 43.6
Partoun 475-J 10.0 11.6 12.4 10.1 7.7 4.9 56.8
Pine View Dam 494.) 8.6 10.0 11.2 10.0 7.4 4.5 51.6
Pleasant Creek 6900 7.3 8.5 9.5 8.5 6.3 3.9 43.8
Pleasant drove Iboo 7.1 8.0 9.3 8.4 5.7 3.3 41.8
Price 550 J 9.4 10.9 12.3 10.9 , 8.2 5.0 56.7
Richfield Radio KSVC 527o 7.7 8.7 10.1 9.2 * 6.2 3.6 45.5
Richmond ,660 6.8 7.7 8.9 8.1 5.5 3.1 40.2
Riverdale PH 439o 8.7 10.2 10.9 8.8 6.8 4.3 49.6
Roosevelt 509, 7.6 8.6 10. 0 9.1 6.1 3.5 44.9
Santaquin 5I2o 8.7 10.1 11.3 10.1 7.5 4.6 52.3
Scipio 53oo 7.4 8.4 9.7 8.8 5.9 3.4 43.6
Silver Lake Hrighton o7, 0 4.1 4.7 5.3 4.7 3.5 2.2 24.4
Snake Creek PH 5950 6.6 7.6 8.5 7.6 5.7 3.5 39.5
Snowville 45ciO 8.5 9.9 10.5 8.5 6.5 4.2 48.1
Spanish Fork PH 4720 8.4 9.7 10.4 8.4 6.5 4.1 47.5
Thiokol Plant 78 4600 6.8 10.3 11.0 8.9 6.8 4.4 50.0
Thompson 5150 10.0 11.7 12.5 10.1 7.8 5.0 57.0
Timpanogos Cave 5600 7.7 8.9 10.0 8.9 6.6 4.1 46.1
Tooele 4820 9.1 10.6 11.3 9.2 7.0 4.5 51.7
Trenton „o0 6.8 7.8 9.0 8.2 5.5 3.2 40.4
Tropic 6235 8.5 9.9 11.1 9.9 7.4 4.5 51.4
University of Utah 4800 9.1 10.6 11.3 9.2 7.0 4.5 51.8
Veyo PH 4600 10.3 12.0 12.8 10.4 8.0 5.1 58.5
Uendover 4237 12.2 14.2 15.2 12.3 9.4 6.0 69.2
Woodruff 63,3 6.2 7.2 7.7 6.2 4.8 3.1 35.2
Zion Natl PR 4050 13.4 15.5 17.4 15.5 11.6 7.1 80.5
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APPENDIX IV
SEASONAL WATER USE BY VARIOUS VEGETATION SPECIES
(After Johns, 1989)
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Appendix IV (After Johns, 1989)
Seasonal Water Use 
A CAUTION: Length of growing seeson may vary considerably.
Individual papers should be obtained 
and reviewed in all instances.
Comaon Scientific Consuaptive
Name Name Use Reference
Arrowweed Pluehea Sericea 96“ McDonald and Hughes, 1968
Aspen Populus 9.9-16.5" Tew, 1967
Aspen Populus 10.3-24.18" .ohnston, et al., 1969
Aspen Populus 18.53-24.15" Johnston, 1970
Aspen Populus 18.7" Croft and Monniger, 1953
Aspen Populus 19.2" Brown and Thompson, 1965
Baccharis Baccharis 31.6-52.0" Turner and HaIpenny
Baccharis Baccharis 56" Gatewood, et al., 1950
Buckwheat Fagopyrua
Esculentum




Buffaloberry 3.5-9.0" Meyboom, 1964
Cattail Typha 35-45" Pratt, et al., 1985
Cattail Typha 52.5-77" Parshall, 1937
Cattail Typha 60.4" Christiansen, 1970
Cattail Typha 63.4" Blaney, et al., 1933
Cattail Typha 90-198" Young and Blaney, 1942







Chaparral 21.6-42" Scholl, 1976
Cottonwood Populus 40.6" Meyboom, 1964
Cottonwood Populus 60.0-92.7- Mixed w/willow.
Muckel I Blaney, 1965, see 
Weeks t Sorey, 1973
Cottonwood Populus 72" Gatewood, et al., 1950
Creosote Bush Larrea
Tridentata
10.2" Sammis and Gay, 1979
Creosote Bush Larrea
Tridentata
9.25" Evans, et al., 1981
Ftr-Dougtas Pseudotsuga
Menziesii
12.0-13.7" Johnston, et al., 1969
Fir-Douglas Pseudotsuga
Menziesii
18-20" Fritschen, et al., 1977
Fir-General Abies 6-9" BethelI, et aI., 1980
Forbs and
Grass Mix 17.0-29.6" Rowe and Reimann, 1961
Forest 14.5-21.0" Leaf, 1975a
(General)




5.5" Branson, et al., 1970
Grass 8.9" Brown and Thompson, 1965
Grass 16.0" Patric, 1961
Grass-Alta 19.4-29.9" Dylla, et al., 1972
Fescue
Grass-Bemuda 28.8-36.2" Blaney, et al., 1933
Grass-Benauda 73" McDonald and Hughes, 1968
Grass-Blue
Grama Native 2.9-17.6" Bailey, 1940
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Grans Native 3.9" Branson, et al., 1970
Grass*Blue
Grana Native 5.6-10.6" Aase, 1970
Grass-Blue
Grana Native 9.75" Reed and Dwyer, 1971
Grass-Blue
Grana Native 24.0-41.0" Parshall, 1937
Grass-Bluejoint 21.9-34.6" Oylla, et al., 1972
Grass-Cheat Bromus Tectorun 3" Cline, et al., 1977
Grass-Cheat Bronus Tectorun 7? Gee and Kirkham, 1984, See H
and Price, 1972
Grass-Meadow
Mixed 4.8-10.2" Wight and Hanks, 1981
Grass-Meadow
Mixed 6.9-10.0" Wight and Black, 1977
Grass-Meadow
Mixed 8.9-10.0" Wight, 1971
Grass-Meadow
Mixed 13.0-24.15" Hamnat, 1920
Grass-Meadow
Mixad 17.36-33.47" US8R, 1977
Grass-Meadow
Native 6.8-10.5" Hanson, 1976
Grass-Meadow
Native 23.2-27.8" Kruse and Haise, 1974
Grass-Mix 10.08-48.36" Houk, 1930
Grass-Mix 14.6" Weeks and Sorey, 1973
Grass-Mix 14.7-22.6" White, 1932
Grass-Mix 19.57-22.58" Oylla and Muckel, 1964
Grass-Mix 20.75-28.32" USSR, 1977
Grass-Native 5.12-19.60" Johnston, et al., 1969
Grass-Native 9.1" Harrison, 1983
Grass-Native 18.5-24.3" Rich, 1952
Grass-Needle
Mix 10.6" Buckhouse and Coltharp, 1976
Grass-Needle
Mix 12.2" White and Brown, 1972
Grass-Pasture 8.4-16.1" Rowe and Reinam, 1961
Grass-Pasture 20.6-27.2" Ritchie, et al., 1976
Grass-Prairie 7.6" Lauenroth and Sims, 1976
Grass-Prairie 9.4-11.9" Pochop, et al., 1985
Grass-Prairie 10.0-36.3" Reported in Young and
Blaney, 1942
Grass-Prairie 12" Parton, et al., 1981
Grass-Salt 6.2-21.7" Grosz, 1972
Grass-Salt 13.2-42.1" Youig and Blaney, 1933
Gr»s«-Salt 13.43-48.8" Lee, 1915
Grass-Salt 16.2-39.8" Reported in Young and
Blaney, 1942
Grass-Salt 18.7-29.2" USSR, 1973, 1979
Grass-Salt 19.1-22.4" Oylla, et al., 1972
Grass-Salt 27.7" Criddle, et al., 1964
Grass-Salt 33.2" Christiansen, 1970
Grass-Sedge 41.5-60.2" Parshall, 1937
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Maine Name Use Reference
Grass-Sugar 16.1-22.28" Haomat, 1920












Sarcobatus 2.6" Branson, et al., 1970
Greasewood
Veraiculatus
Sarcobatus 3.7" Branson, et al., 1976
Greasewood
Veraiculatus
Sarcobatus 11.3" Carman, 1986
Greasewood
Veraiculatus
Sarcobatus 11.8-25.2" White, 1932
Greasewood
Veraiculatus
Sarcobatus 12.2-22.1" Grosz, 1972
Greasewood
Veraiculatus
Sarcobatus 14.5-17.5" Robinson, 1970
Greasewood
Veraiculatus
Sarcobatus 20.8-24.8" Harr and Price, 1972
Herbaceous
Veraiculatus
14.8" Croft and Monninger, 1953
Hydrophytes 22-24" Eisenlohr, 1972




Scoporia 22-26" Weeks, et al., 1987
Bush) 








Mountain 8.5-31.1" Borrelli, 1981
Meadow-
Mountain 14.0-19.4" Swartz, et al., 1972
Meadow-
Mountain 16-20" Buraan and Pochop, 1986
Meadow-
Mountain 16.5-27.6" Pochop, et aI., 1985
Meadow-
Native
Pasture 13.2" Thompson, 1974
Meadow-
Native
Pasture 19.6-22.6" Dylla and Muckel, 1964
Meadow-
Native






Riehardson, et al., 1979
Mesquite Prosopis 40" Gatewood, et al., 1950
Oak-Gambel Ouereus 11.39-18.64" Johnston, et al., 1969
Oak-Gambel
Gambelii
Ouereus 14.8-18.8" Tew, 1966
Gaafeelii
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12.3-39.22" Petersen and Hill, 1985
14.53-27.53" Gifford, 1975
26.2" luxmoore, et al., 1978




*2.4-4.8" Branson, et al., 1976
31.7" Parshall, 1937
13.2" Schunarm, 1967





84.5" Blaney, et al., 1933
18.6-114.6" USSR, 1973-1979
22.9-26.1" Parshall, 1937
9.37" Gutknecht, et aI., 1980
3.7-7.0" Branson, et al., 1970
3.9" Branson, et al., 1976
6.4-9.6" Sturges, 1980
8-12" Shown, et al., 1972
3.7" Branson, et al., 1970
5.12-8.97" Johnston, et al., 1969
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Appendix IV (After Johns, 1989)
• Continued
Cannon Scientific Consunptive





























































Cline, et al., 1977
Branson, et al., 1976 









Culler, et al., 1982
Weeks, et al., 1987
Criddle, et al., 1964
VanHylckama, 1974
Turner and HaIpenny, 1941
Gay and Hartman, 1982
Gay, 1984
Gatewood, et al., 1950
Weeks and Sorey, 1973, 
Cottonwood Mix 
Dylla, et al., 1972 
Reported in Young and
Blaney, 1942 
Branson, et al., 1970 
Johnston, et al., 1969
Brown and Thompson, 1965 
Reported in Young and 
Blaney, 1942 
Stearns, et al., 1939 
Blaney, et al., 1933 
Blaney, et al., 1933 
Houk, 1930 
Meyboom, 1964 
Reported in Yocrtg and 
Blaney, 1942 
Criddle, et al., 1964 




Appendix IV (After Johns, 1989)
■ Continued
Camion Scientific Consunptive

















NOTE: " represents inches.
1 inch ■ 2.54 centimeters.
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APPENDIX V










CALIBRATED COMPUTER MODEL INPUT AND OUTPUT, MODEL STRESS 
INPUTS, AND INPUTS REPRESENTING VEGETATIONAL INFLUENCE
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DISKETTE CONTENTS: VOLUME LABEL ER-452 9
FILE NAME CONTENTS









Calibrated model input for 
MODFLOW Basic Package 
(ASCII text)
Calibrated model input for 
MODFLOW Block Centered Flow 
Package (ASCII text)
Calibrated model input for 
MODFLOW General Head Boundary 
Package (ASCII text)
Calibrated model input for 
MODFLOW Recharge Package 
(ASCII text)
Calibrated model input for 
MODFLOW River Package 
(ASCII text)
Calibrated model input for 
MODFLOW Well Package 
(ASCII text)
Calibrated model input for 
MODFLOW Strongly Implicit 
Procedure package (ASCII 
text)
Calibrated model output 
(ASCII)
PERM70.KM1
INPUTS FOR STRESSING THE CALIBRATED MODEL
Calibrated permeability 




X 10'2 (ASCII text)
Calibrated permeability 
















Calibrated permeability X 
10+2 (ASCII text)
CONTENTS
Calibrated recharge X 0.0 
(ASCII text)
Calibrated recharge X 1/2 
(ASCII text)
Calibrated recharge X 1/3 
(ASCII text)
Calibrated recharge X 1/5 
(ASCII text)
Calibrated recharge X 2 
(ASCII text)
Calibrated recharge X 3 
(ASCII text)
Calibrated recharge X 5 
(ASCII text)
Calibrated recharge X 10 
(ASCII text)
INPUTS FOR TESTING THE VEGETATIONAL INFLUENCES
Maximum recharge to the 
aquifer = (Ppt - minimum 
transpiration) X .2 
(ASCII text)
Minimum recharge to the 
aquifer = (Ppt - maximum 
transpiration) X .2 
(ASCII text)
Test of the influence of 
using blackbrush and Big Sage 
as recharge indicators (ASCII 
text)
